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ABSTRACT 


Object. 

The  object  of  project  4-16-16-011  was  to  design  and  develop  a 
3,000-lb.  nonpersistt-nt-gas  warhead  and  all  related  fuzing,  handling  equipment, 
and  shipping  equipment  for  the  B-61A  MATADOR  pilotless  bomber  (see  fig.  1). 

The  object  of  the  work  described  in  this  report  was  to  study 
the  problems  related  to  the  development  of  a  gas  warhead  for  a  500 -mi. -range, 
surface-to-surface,  subsonic,  tactical  guided  missile  of  the  B-61A  con¬ 
figuration;  to  produce  designs  of  such  a  warhead  and  its  related  support 
equipment;  and  to  conduct  the  development  tests  necessary  to  bring  the  project 
to  a  state  of  readiness  for  the  final  engineering  test. 

Results . 

The  effort  resulted  in  the  design  and  partial  test  of  a  gas 
warhead  and  all  of  the  equipment  required  for  the  assembly,  storage,  trans¬ 
portation,  and  tactical  employment  of  the  gas  warhead.  The  following  is  a 
complete  list  of  components  which  were  designed  and,  in  most  instances, 
partially  tested: 

1.  E6  3,000-lb.  nonpersistent-gas  warhead 

2.  E125  3,000-lb.  nonpersistent-gaB  cluster 

3*  E54  3,000'lt.  cluster  adapter 

4.  Tl4o4  mechanical  time  fuze 

5 .  Cluster  assembly  rack 

6.  Cluster  handling  clamp 

7*  Shipping  container,  hermetically  sealed 

8.  Warhead  handling  sling 

9.  Warhead  loading  stand 

Cancellation  of  the  project  curtailed  the  completion  of  teBts 
and  such  redesign  as  may  have  been  required,  but  usage  in  the  field  in 
support  of  the  flight  tept  program  gave  strong  indication  that  the  items, 
with  the  exception  of  the  shipping  container,  were  satisfactory.  The  first 
shipping  container  has  not  been  received  from  the  contractor,  so  no  evaluation 
has  been  possible. 


CONFIDENTIAL 

V 


} 


CONFIDENTIAL 


Six  fin-stabilized,  warheads  were  released  from  B-36F  aircraft 
of  which  two  failed  to  function,  two  functioned  in  an  abnormal  manner,  and  two 
functioned  normally.  Bomb let  patterns  obtained  from  the  four  functioning 
warheads  indicated  that  ground  coverage  was  considerably  leBS  than  the  desired 
goal  of  106,000  sc[.yd. 

The  following  data  summarized  the  conditiqps  of  release  and. 
results  obtained  from  each  test  vehicle; 

Table  1 

Summary  of  Performance  on  E6  Gas  Warhead 


Warhead  no. 

87A-1 

87A-3 

(a) 

87A-4 

■■  '  " .  ■  »  ^ 

87A-5 

'87A-6 

M 

^ - - - 

87A-7 

Release  altitude,  ft. 

36,890 

35,942 

35,870 

— — — — — 

35,499 

35,825 

37,010 

Release  velocity,  f.p.s. 

558 

523 

452 

490 

429 

550 

Separation  altitude,  ft. 

16,590 

_  ^ 

13,390 

15,680 

12,100 

Separation  velocity,  f.p.s; 

1,059 

— 

990 

1,030 

— 

1,073 

Range; 

Release  to  separation,  ft. 

18,810 

25,095 

13,495 

15,706 

17,635 

20,190 

(b) 

(b) 

Separation  to  impact,  ft. 

3,000 

2,250 

687 

-- 

1,890 

Ballistic  wind: 

Range,  f.p.s. 

-6.34 

«*  mm 

-l.il 

-13.71 

— 

-4.81 

Cross,  f.p.s. 

6.48 

— 

-30.46 

-8.11 

— 

7.10 

Munition 

E54R6 

E54r6 

*e$4r6 

E54r6 

E54r6 

E54R6 

No,  munitions 

396 

306 

306 

306 

306 

306 

Pattern  dimensions,  yd. 

320  X 

-- 

835  x 

350  x 

-- 

335  x 

320 

335 

285 

335 

Recovery,  # 

97 

— 

98 

97 

— 

90 

2cr  (c)  range,  yd. 

125.19 

— 

257*24 

128.18 

— 

l4o.o8 

2oV  def ledtion,  yd. 

113.01 

— 

110.28 

106.96 

-- 

139.97 

2cr  area,  sq.yd. 

— 

43,070 

-- 

6l,6bo 

2cr  area,  # 

84 

— 

87 

81 

85 

Pattern  coefficient,  D/R 

0.$1 

0.43 

0.83 

—  *" 

0.999 

(a)  Failed  to  function. 

(b)  Total  range  from  release  to  impact-. 

(c)  <r  =  Standard  deviation. 
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The  Tl^Oh  fuze,  although  not  used  as  the  prime  fuze  system  in 
the  flight  tests,  functioned  successfully  during  the  flight  tests  and  in  the 
limited  static  tests  conducted.  The  fuze  had  not  been  subjected  to  a  complete 
environmental  test  program  prior  to  termination  of  the  project,  but  indications 
were  that  the  fuze  could  successfully  be  used  in  the  test  program  with  no  more 
than  minor  changes  required,  if  any. 

Conclusions . 

1.  A  complete  gas  warhead  system  for  the  B-61A  missile  has  been 
designed  and  partially  tested.  However,  indications  are  that  the  toxic  coverage 
attained  falls  short  by  approximately  50$  of  the  potential  capability  of  a 
warhead  of  this  design. 

2.  A  new  approach  to  the  problem  incorporating  some  type  of 
dispersion  mechanism  or  a  new  etelfrdispersing  munition  would  he  necessary  to 
achieve  a  better  coverage  of  the  target  with  agent. 

3.  The  large  errors  which  exist  in  the  terminal  dive  phase  of  the 
B-61A  missile  at  the  present  time  make  it  questionable  whether  any  reasonable 
degree  of  accuracy  can  be  achieved  utilizing  .the  E5^R6  bomblet. 

Recommendations ■ 

None,  since  the  project  has  been  canceled  and  no  further  effort 
will  be  applied. 
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DEVELOPMENT  OF  THE  E 6  GAS  WARHEAD  FOR  THE  B-61A  MATADOR 
PILOTLESS  BOMBER  (U) 


I,  INTRODUCTION. 


A.  Object. 

The  object  of  project  4-16-16-011  was  to  design  and  develop  a 
3, OOO-lb.  nonpersistent-gas  warhead  and  all  related  fuzing,  handling  equipment, 
and  shipping  equipment  for  the  B-61A  MATADOR  pilotless  bomber. 

The  object  of  the  work  described  in  this  report  was  to  study  the 
problems  related  to  the  development  of  a  gas  warhead  for  a  500-mi* "range, 
surf ace-toranf face,  subsonic  tactical  guided  missile  of  the  B-6lA  configuration,’ 
to  produce  designs  of  such  a  warhead  and  its  related  support  equipment;  and  to 
conduct  the  development  tests  necessary  to  bring  the  proj’ect  to  a  state  of 
readiness  for  final  engineering  teBt. 

B.  Authority. 

The  authority  for  this  work  is  given  under  Project  4-16-16-011, 

GB  Warhead  for  MX-771  Missile,  which  was  established  on  25  May  1951  (CCTC  Item 
2325,  Establishment  of  67  New  Projects  in  the  FY  1952  Chemical  Corps  Program). 
The  project  was  canceled  on  9  December  195^  (CCTC  Item  2962,  Consolidation  of 
Chemical  Corps  CW  R&D  Program  for  FY  55) • 

II.  HISTORICAL . 

Investigation  of  chemical  warheads  for  the  MATADOR  missile  was 
initiated  during  fiscal  year  1948' under  Project  4-16-06-01,  Chemical  Warheads 
for  Guided  Missiles.  This  work  was  continued  under  Project  4-16-16-02,  Warheads 
for  MX-771  Missile,  established  19  November  1948  (CCTC  Item  1931)-  The  results 
of  the  work  completed  under  the  above  projects  are  reported  in  detail  in 
Guided  Missile  Reports  1  through  18  and  will  not  be  repeated  here. 

The  work  conducted  under  project  4-16-16-02  was  related  to 
Phase  I  of  the  prime  missile  contract,  the  X{38-A-l  (experimental)  XB-6l  missile, 
and  Phase  II,  YSSM-A-1  (limited  production)  YB-61. 

On  28  November  1950  representatives  of  Headquarters,  USAF,  met 
at  Chemical  and  Radiological  Laboratories  to  discuss  the  future  of  the  MATADOR 
warhead  program.  At  this  meeting  the  Air  Force  placed  emphasis  on  development 
of  A  nonperistent-gas  warhead,  to  be  made  available  by  the  spring  of  1952. 

During  fiscal  year  1951  "the  Glenn  L.  Martin  Company,  prime 
contractor  for  the  MATADOR  missile,  completed  Phase  II  of  the  missile  program 
and  initiated  Phase  III,  comprising  fabrication  and  test  of  the  production 
missile,  the  B-61A  (i.e.,  the  MATADOR).  In  the  course  of  the  redesign  for 
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production;  the  configuration  was  changed  considerably,  and  the  existing  designs 
for  the  gas  warhead  were  obsoleted.  This  report  covers  all  that  has  been  done 
during  this  period  on  the  development  and  testing  of  the  GB  warhead  for  the 
MATADOR. 


Work  not  completed  under  project  4-16-16-02  was  carried  over  and 
conducted  simultaneously  with  project  4-16-16-011.  This  consisted  of  the 
dynamic  testing  of  three  remaining  fin-stabilized  warheads  of  the  YSSM-A-1 
configuration. 


A  gas  cluster  containing  275  E54r6  bombs  was  designed,  fabricated, 
assembled,  and  flight-tested  in  August  1951  by  the  use  of  the  YSSM-A-1  fin- 
stabilized  warhead  test  vehicle.  'Individual  munition  functioning  was  unusually 
poor,  and  further  testing  was  suspended,  pending  availability  of  an  improved 
unit  munition.  This  munition,  the  E54R6,  was  clustered  and  assembled  in  two 
additional  YSSM-A-1  fin-stabilized  warheads .  The  first  of  the  two  test  vehicles 
functioned  normally,  and  a  complete  pattern  was  obtained.  The  second  test 
vehicle  failed  to  open  for  reasons  never  completely  established  and  impacted 
intact. 


A  specific  program  for  the  development  of  a  gas  warhead  for  the 
MATADOR  was  established  on  25  May  1951  (CCTC  Item  2325,  Project  4-16-16-011, 

GB  Warhead  for  MX -771  Missile). 

III.  ANALYSIS  OF  THE  PROBLEM. 

A.  Military  Characteristics. 

The  military  characteristics  governing  the  development  of  the 
GB  warhead  for  MX-771  missile  are  contained  in  CCTC  Item  2483,  Continuation  of 
271  Projects  in  the  Chemical  Corps  FY  1953  Program  and  Revisions  Thereto, 
approved  23  June.  1952".  -  They  are  as  follows: 

1.  The  warhead  shall  be  capable  of: 

a.  Establishing  a  lethal  dosage  of  GB  in  30  seconds  over  the 
maximum  area  possible. 


b.  Achieving  reproducible  ballistics. 

c .  Distribution  of  individual  munitions  at  a  speed  of  Mach 

0.9  to  1.2. 


2.  The  warhead  shall  be  designed  to: 

a.  Conform  to  the  warhead  space  and  shape  available  in  the 
MATADOR  missile. 

b.  A  weight  of  3,000  lb-t  150  lb.  Ballast  may  be  used  if 

necessary. 
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c .  Be  interchangeable  in  the  MATADOR  \fith  other  warheads 
specified  in  SSM-M/C2A,  dated  1 6  August  1950* 

d.  Be  capable  of  secure  attachment  to  the  missile  within 
30  minutes  by  a  trained  crew  and  thereafter  be  ready  for  firing  within  an 
additional  10  minutes . 

e.  Be  capable  of  all-weather  employment  within  the  limits 
of  the  agent  filling. 

f .  Be  stored  under  uncontrolled  temperature  and  humidity 
conditions  for  at  least  5  years  without  deterioration  to  the  extent  that  the 
warhead,  exclusive  of  agent  filling,  is  rendered  unserviceable . 

g.  Be  safe  to  handle  and  store,  requiring  no  special  handling 
equipment  other  than  that  required  for  handling  HE  warheads. 

h.  Be  transportable  by  all  conventional  military  transportation 

methods . 

i.  Be  provided  with  a  reliable  fuzing  system  capable  of  opening 
the  wurhead  at  any  desired  altitude  over  the  target  within  the  operational 
limits  of  the  MATADOR  missile. 

B.  Factors  to  Be  Considered. 

1 .  Comments  on  the  Military  Characteristics. 

From  a  warhead  design  viewpoint  these  military  characteristics 
are  written  broadly  enough  to  allow  considerable  freedom  in  establishing  a 
warhead  concept.  Weight  and  space  considerations  posed  no  particular  problem 
in  the  light  of  past  experience  with  the  YSSM-A-1  missile  nor  did  inter¬ 
changeability  with  other  warheads.  The  design  aspects  appear  to  be  generally 
straightforward. 

Actually,  the  entire  program  is  an  extension  of  the  work 
previously  accomplished  in  connection  with  the  YSSM-A-1  missile  and  no 
radical  changes  are  anticipated.  This  course  of  action  is  due  mainly  to 
the  shortened  development  time  allowed  by  the  missile  schedule  established 
by  the  Air  Force.  Here  the  emphasis  lay  on  delivering  a  complete  and 
acceptable  warhead  system  in  advance  of  the  phase-out  date  for  the  missile. 

The  original  date  for  completion  of  the  development  phase  was  set  for  June 
1953  (although  this  schedule  and  the  missile  schedule  both  slipped  considerably 
later  on),  allowing  approximately  2  yr.  for  the  complete  development  of  the 
warhead.  This,  obviously,  was  not  time  enough  to  conduct  a  thorough  and 
comprehensive  investigation  into  various  systems  for  carrying  and  dispersing 
the  unit  munitions.  For  this  reason  the  only  approach  was  along  the  same 
lines  as  were  followed  on  the  YSSM-A-1  missile. 
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The  warhead  would  consist  of  a  simplified  method  for  containing 
the  unit  munitions  and.  a  simplified  and  more  reliable  opening  system.  This 
concept,  as  in  previous  development  work,  would  not  incorporate  any  special 
devices  for  aiding  in  the  dispersion  of  the  unit  munitions . 

Together  with  the  warhead  itself  there  would  be  certain  other 
items  of  support  equipment  such  as  clustering  fixtures,  shipping  container, 
hoist  slings,  assembly  Stands,  and  an  array  of  conventional  portable  tools 
necessary  for  the  assembly  and  handling  of  the  warhead,  beginning  with  assembly 
of,  the' plus ter  and  following  through,  to  attachment  and  checkout  of  the  warhead 
on  the  missile o 


Having  established  the  warhead  concept  there  were  certain  : 
problems  which  must  be  resolved  either  by  design  or  by  test,  or"  by  both.  The 
cluster  adapter  must  he  designed  to  conform  to  the  space  available  in  the  nose; 
and  the  nose,  in  turn,  would  have  to  provide  a  suitable  method  for  mounting 
and  retaining  the  assembled  cluster.  This  was  a  matter  of  logical  design  and 
coordination. 


An  entirely  new  method  for  positive  separation  and  opening  of 
the  warhead  would  be  required.  This  could  also  be  worked  out  in  the  design 
phases  and  proved  by  static  and  flight  tests. 

Fuzing  is  also  a  design  problem  which  requires  integration  with 
the  over-all  system  to  insure  reliable  performance.  Success  of  the  fuze 
development  would  also  have  to  be  established  by  static  and  flight  tests. 

Design  of  the  support  equipment  appeared  to  be  routine  with  no 
particular  problems  involved.  These  items  would  be  modified  and  improved  where 
revisions  become  apparent  through,  usage . 

Apart  from  the  mechanical  problems  involved  there  are  those 
which  are  related  to  the  unit  munition,  such  as  ability  to  reproduce  the 
'ballistics  of  the  warhead,  ability  of  the  munition  to  withstand  release  at 
velocities  from  Mach  0.9  to  1.2,  determination  of  the  optimum  warhead-opening 
altitude,  and  the  area  coverage  attainable  with  this  warhead  concept.  Answers 
to  the  questions  posed  by  these  problems  will  be  found  in  the  results  o.f  the 
flight  test  program. 

Storage  capability  of  the  warhead  cluster  can  only  be  determined 
after  a  comprehensive  long-range  program,  although  a  reasonable  prediction  may 
be  made  on  the  basis  of  knowledge  already  available  on  the  unit  munition. 

Based  on  the  allowable  warhead  weight,  a  cursory  examination 
indicates  that  roughly  330  unit  munitions  can  he  carried.  This  agent  payload 
could  cover  an  estimated  114,000  sq.yd.,  80$  of  which  would  be  covered, 
within  30  sec.  after  the  bomblets  impacted,  with  a  sufficient  dosage  to  cause 
the  death  of  50$  of  the  exposed  personnel. 
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The  characteristics  of  the  E54r6  bomblet  will  assuredly  exert 
a  strong  influencb  on  the  over-all  ballistics  of  the  warhead  system.  In 
still  air  the  E54r6  stabilizes  immediately  after  release  and  has  a  vertical 
trajectory  to  impact,  but  still  air  is  rarely  encountered.  The  munition  is 
affected  in  its  fall  by  each  change  in  force  and  direction  of  the  wind,  which 
have  been  determined  to  be  r(6  ft.  of  drift  for  each  1,000  ft.  of  altitude  and 
each  10  m.p.h.  of  wind.  The  average  effect,  or  ballistic  wind,  can  be 
determined  from  the  meteorological  data  at  any  given  time  and  successfully 
used  to  calculate  the  total  angular  and  linear  drift  of  the  munition.  These 
effects  will  have  to  be  taken  into  account  in  establishing  the  missile  flight 
plan  by  utilizing  the  best  meteorological  information  obtainable  at  the  target 
and  correcting  the  missile  dump  point  accordingly.  Lack  of  reliable  target 
information  will  result  in  inaccuracy  and  ineffectiveness  of  the  weapons  system. 

The  principal  unknown  quantity  in  the  warhead  concept  is  the 
area  coverage  which  can  actually  be  achieved  with  the  E54r6  munition  when  the 
munition  is  dispersed  in  such  large  numbers.  It  has  previously  been  determined 
from  tests  of  bomber-borne  clusters  that  the  pattern  size  cannot  be  increased 
by  any  further  increase  in  the  opening  altitude  above  a  certain  point.  The 
questions  then  are:  (l)  What  area  coverage  can  actually  be  achieved?  (2)  At 
what  altitude  must  the  warhead  be  opened  to  achieve  this  area?  If  the  area 
obtained  from  the  flight  tests  is  approximately  equal  to  that  of  the  theoretical 
coverage,  then  it  can  be  said  that  the  military  characteristics  have  been  met 
with  a  relatively  inexpensive,  uncomplicated  warhead  system.  However,  if  the 
theoretical  area  coverage  is  greater  than  the  actual  area  coverage,  then  the 
decision  has  to  be  made  as  to  what  the  minimum  acceptable  coverage  must  be  to 
Justify  the  missile  expenditure. 

2 .  Establishment  of  Basic  Design. 

a.  Key  Factors. 

To  meet  the  military  characteristics  the  key  factors  are:  the 
payload  considerations  as  defined  by  the  center  of  gravity,  the  allowable 
weight  in  the  nose  casing,  and  the  available  volume. 

These  three  factors  are  established  by  the  missile  designer 
and  cannot  be  arbitrarily  changed  in  order  to  suit  the  design  of  the  varhead. 

The  center  of  gravity  and  allowable  weight  are  flexible  to  a  degree,  but  the 
available  volume  is  fixed  by  aerodynamic  considerations.  These  considerations 
set  definite  limits  within  which  the  physical  characteristics  of  the  warhead 
must  fall  in  order  that  the  missile -warhead  combination  will  be  compatible. 

b.  Estimation  of  Area  Coverage  Desired. 

The  theoretical  area  coverage  to  be  attained  with  a  toxic 
cluster-type  warhead  will  be  governed  by  the  following  design  parameters  of 
the  individual  bomblets:  (l)  the  dissemination  characteristics,  (2)  the  number, 
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and  (3)  the  distribution.  The;  other  dominant  parameters  are:  (l)  the 
meteorological  conditions.  (2)  the  lethal  dosage  of  the  dispersed  agent, 

(3)  the  criterion  in  terms  of  time  of  dosage -area  achievement  assumed,  and 

(4)  the  percent  coverage  of  the  area  to  be  attained. 

Thus,  in  the  final  analysis,  from  a  design  viewpoint  the  first 
step  is  to  determine  how  many  bomb lets  can  be  packaged  within  the  space  and 
weight  limitations  of  the  warhead  compartment.  Once  this  information  is 
available,  the  other  data  are  combined,  and  estimates  of  the  desired  distri*  : 
button  of  bomblets  can  be  calculated. 

For  the  purpose  of  estimating  the  effective  area  coverage,  it 
was  assumed  that  the  bomblets  would  be  distributed  over  80 °jo  of  the  area  and 
that  50$  casualties  would  be  attained  if  a  dosage  of  100  mg. min. /m. 3  was 
established  in  30  sec.  or  less  from  the  time  of  impact  of  the  bomblets. 

c .  Cluster  Adapter. 

Based  upon  the  number  of  unit  munitions  which  can  be  carried, 
a  design  for  an  adapter  to  contain  these  munitions  will  be  required.  The 
physical  characteristics  of  the  adapter  are  governed  not  only  by  the  number  of 
munitions,  but  also  by  the  design  features  of  the  missile  airframe,  its  aero¬ 
dynamic  configuration,  and  missile  weight  and  balance  considerations.  Accord¬ 
ingly,  the  number  of  unit  munitions  and  the  design  of  the  cluster  adapter  are 
directly  related  to  the  missile  characteristics. 

d.  Gas  Cluster. 

The  unit  munitions  and  the  adapter  in  combination  constitute  the 
gas  cluster  to  be  carried  by  the  missile.  In  developing  the  design  for  the 
cluster  and  its  components,  careful  consideration  should  be  given  to  several 
important  factors.  They  are: 

1.  Simplicity  of  design 

2.  Use  of  noncritical  materials 

3.  Ease  of  assembly 

4.  Ease  of  handling 

5 •  Safety  in  assembly,  handling,  and  storage 

e .  Nose  Casing. 

Design  of  the  nose  casing  (or  warhead  compartment),  as  an 
Integral  part  of  the  missile  airframe,  is  the  responsibility  of  the  prime 
missile  contractor.  Close  coordination  and  cooperation  between  the  contractor 
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aii&  these  Laboratories  are  essential  if  an  adequate  design  is  to  be  achieved. 
Preliminary  designs  of  the  nose  casing  and  the  cluster  adapter  are  checked 
against  each  other  and  modified  where  necessary  to  eliminate  any  possible 
mechanical  conflict.  Considerable  thought  must  be  given  to  the  nose  casing 
design  which  is  to  result  in  a  warhead  compartment  capable  of  transporting  the 
cluster  to  the  target  under  all  design  loads,  and  yet  of  opening  readily  and 
easily  over  the  target  without  damage  to  the  cluster. 


A  reliable  fuzing  system  is  required  to  cause  the  warhead  to 
function  at  the  proper  altitude  over  the  target.  The  fuze  system  selected 
will  be  powered  by  the  missile  electrical  system  and  actuated  by  the  missile 
guidance  system.  The  fuze  system  will  also  require  certain  safe  features 
unique  to  missiles  in  general,  because  arming  and  functioning  are  accomplished 
remotely,  either  by  timing  or  by  impulses  received  by  the  guidance  sytem. 

The  system  will  also  have  to  be  safe  throughout  all  ground  handling  operations, 
through  launch,  and  then  beyond  to  a  point  where  an  armed  warhead  will  present 
no  hazard  to  personnel  and  materiel  within  the  bounds  of  friendly  territory. 

It  must  also  be  protected  against  enemy  countermeasures . 

g.  Handling  Equipment. 

As  the  development  of  CW  warheads  for  guided  missiles  is  an 
entirely  new  branch  of  the  art,  there  is  little  opportunity  for  employing 
conventional  methods  of  handling  and  assembly  such  as  exist  for  munitions 
carried  by  piloted  aircraft.  Primarily  this  results  from  the  considerable 
increase  in  size  and  weight  of  the  package  carried  by  the  missile,  meaning, 
in  this  warhead,  a  threefold  increase  in  weight  alone  over  the  largest  chemical 
munition  carried  in  a  conventional  bomb  bay. 

To  minimize  the  logistic  requirements  for  the  tactical  MATADOR 
missile,  every  effort  should  be  made  to  standardize  and  utilize  the  equipment 
required  to  handle  all  of  the  varheads  being  developed  for  the  missile.  This 
will  require  close  coordination  with  the  other  warhead  agencies  to  insure  that 
items  of  equipment  are  not  needlessly  duplicated. 

b .  Shipping  Container . 

The  size  and  vdight  of  the  payload  suggests  that  shipping  rings 
and  guards  as  used  on  bomb -bay  munitions  will  not  be  adequate  in  the  case  of 
the  gas  cluster  for  the  MATADOR.  Hermetic  sealing  of  clusters  in  the  1,000-lb. 
range  proved  difficult  enough  and  may  be  virtually  impossible  from  a  practical 
standpoint  in  the  case  of  units  of  the  3> OOO-lb.  category,  and  beyond.  The 
loadB  Imposed  by  normal  handling  and  transportation  of  these  heavy  units  would 
require  a  ruggedness  that  would  impose  an  unacceptable  penalty  on  the  effective - 
weight  of  the  payload.  Therefore,  employment  of  a  reusable,  hermetically 
sealed  container,  with  suitable  load-dampening  devices,  is  considered  the  method 
which  will  allow  for  extreme  simplicity  of  design  and  maximum  agent-weight  ratio 
id  the  cluster. 
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A.  Design  of  Prototype. 

The  whole  problem  of  developing  a  chemical  warhead  for  the 
MATADOR  is  related  entirely  to  the  maximum  permissible  payload  which  can  be 
carried  by  the  missile,  the  location  of  the  payload,  and  the  space  available 
for  the  payload.  These  limits  are  well  defined  for  the  B-61A  missile  inasmuch 
as  the  configuration,  as  well  as  all  other  design  criteria,  has  been  fixed  by 
the  prime  missile  contractor  in  accordance  with  the  scope  of  the  contract. 

These  limits  impose  certain  restrictions  on  the  warhead  development  and  may  not 
permit  the  development  of  the  optimum  CW  warheac1  for  the  missile. 

Weight  of  the  warhead  including  the  nose  casing  ranged  from 
3,150  lb.  for  a  missile  gross  weight  of  13,215  lb.  to  3,350  lb.  for  a  missing 
gross  weight  of  13,415  lb.,  for  a  constant  missile  center-of -gravity  of  235 .8. 
By.  design  the  nose  casing  alone  weighted  220  lb.,  making  a  cluster  weight  ranging 
fi*pm  2,930  to  3 «130  pounds.  The  nose  center-of -gravity  through  this  range  is  71 
to  80  in. 


Examination  of  the  available  space  in  the  nose  section  indicated 
that  a  maximum  of  330  E54R6  munitions  could  be  carried.  This  quantity  of  bombs 
weighs  2,739  lb.,  leaving  only  191  lb.  for  the  weight  of  adapter  and  other 
necessary  components,  for  warhead  weight  of  3,150  lb.  This  value  represents 
the  forward  center-of -gravity  limit,  i.e.,  r{l  in.,  and  this  condition  probably 
would  not  occur;  however,  it  is  a  condition  which  exists  and  must  be  reckoned 
with. 


The  33O  units  were  laid  out  in  an  arrangement  of  6  banks,  each 
bank  of  which  would  be  included  within  a  circle  32  in.  in  diameter,  which  was 
estimated  as  the  maximum  dimension  allowable  at  the  forward  nose  station.  The 
six  banks  came  within  the  78  in.  available  from  the  forward  nose  station  to 
the  base.  Here  again  it  was  apparent  that  the  55  bombs  in  the  bank  permitted 
no  wcijght  allowance  for  the  development  of  an  adapter  to  contain  the  bombs . 
Further  study  showed  that  by  merely  eliminating  four  bombs  in  each  bank,  the 
adapter  could  be  developed  with  ample  allowance  for  subsequent  design  changes. 
This  also  reduced  the  bomb  weight  to  2,5^0  lb.  and  Increased  to  390  lb.  the 
weight  available  for  the  adapter  and  other  components. 

—  Based.on  the  new  .value  of  306  E5kR6  munitions,  the  potentiality 
of  the  gas  warhead  was  estimated  to  be  106,00  sq.yd.  THIS  area.'' i£  btesed  on 
munition  expenditure  rate  of  28.9  bombs  per  10,000  sq.  yd.  in  a  Gaussian 
distribution  80$  of  which  area  is  covered  with  a  lethal  concentration  (100  mg. 
min. /cu.m.)  within  30  sec.  ("Munition  Expenditure  Estimates  for  the  E101R3 
Cluster,"  dated  17  January  1953,  prepared  by  Test  Division,  C&RL). 

The  Bame  number  of  E54R6  bombs  in  a  random  distribution 
potentially  is  capable  of  covering  an  area  of  201,000  sq.yd.,  80$  of  which 
with  an  equivalent  dosage,  at  a  munition  expenditure  rate  of  only  15»2  bombs 
per  10,000  sq.yd.  This  type  of  distribution  is  not  possible  with  the  E54R 6 
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munition  when  the  warhead  system  relies  solely  on  aerodynamic  factors  for 
dispersion  and  can  only  be  achieved  by  incorporating  special  mechanical 
devices  in  the  warhead.  In  the  absence  of  such  a  device  the  former  values 
must  be  considered  for  the  B-61A  warhead. 

The  foregoing  values  for  area  coverage  for  both  Gaussian  and 
random  distribution  are  based  on  meteorological  conditions  of  slight  lapse 
to  extreme  inversion,  3-  to  8-m.p.h.  surface  winds,  and  an  air  temperature 
at  50°F •  or  higher . 

A  summary  of  preceding  analysis  follows: 

Table  2 


Summary  of  Design  Data  on  Eo  Warhead  for  MATADOR  Missile 


Warhead  center-of -gravity 

70.25  in. 

80. 0  in. 

Gross  missile  weight 

13,215  lb. 

13,415  lb. 

Warhead  weight 

3,150  lb. 

3,350  lb. 

Nose  casing  weight 

220  lb. 

220  lb. 

No.  of  munitions 

306 

306 

Weight  of  munitions 

2,5^0  lb. 

2,540  lb. 

Missile  center-of -gravity 

235.8  in. 

235.8  in. 

Adapter  weight 

390  lb.  (max.) 

390  lb .  (max . ) 

Area  coverage 

106,000  sq.yd 

106,000  sq.yd. 

From  this  point  the  design  and  development  of  the  warhead 
and  its  related  components  went  forward  and  is  reported  in  detail  in  the 
following  sections . 

1 .  Weapons  System, 
a .  Nose  Case  . 

Experience  gained  in  the  development  of  chemical  warheads 
for  the  interim  (YSSM-A-1  or  YB-6l)  missile  demonstrated  the  difficulty 
of  designing  around  a  fixed  warhead  compartment,  i.e.,  establishing  the 
configuration  and  structural  design  of  the  YB-6lnose  with  no  serious 
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consideration  for  the  stowage  of  the  chemical  warhead.  For  example,  the  space 
available  in  the  YB-6l  nose  allowed  for  no  more  than  275  E54r6  bombs .  By 
changing  the  ogive  of  the  nose  only  slightly  it  was  then  possible  to  contain 
306  bombs  as  in  the  B-61A  nose.  The  effectiveness  of  the  warhead  was 
seriously  hampered  by  this  inflexibility,  and  the  Air  Force  was  requested 
to  authorize  that  the  design  of  the  B-61A  warhead  compartment  and  the 
chemical  warhead  package  should  proceed  simultaneously  with  a  high-degree 
of  coordination  between  the  Chemical  Corps  and  the  prime  contractor,  the 
Glenn  L.  Martin  Company.  The  Air  Force  agreed  to  this,  and  a  series  of 
meetings  was  held  with  project  personnel  of  the  Glenn  L.  Martin  Company. 

Preliminary  nose-section  designs  were  prepared  by  The  Glenn 
L.  Martin  Company,  offering  seven  methods  of  mounting  the  cluster.  These 
investigations  are  reported  in  detail  in  Glenn  L.  Martin  Co.  Engineering 
Report  4540  (l).  As  indicated  in  this  report  one  design  was  considered 
over  the  others  and  was  eventually  brought  to  its  present  state  through 
continuous  coordination  between  Chemical  and  Radiological  Laboratories  and 
the  Glenn  L.  Martin  Company. 

The  present  B-61A  chemical -warhead  nose  shell  is  of  the  split- 
frame,  monocoque  design.  The  entire  skin  is  made  of  0.072-in.  24S-T4  clad 
aluminum  alloy  sheet  from  station  40  to  120,  and  is  joined  together  at  the 
two  vertical  seams  by  a  splice  strap  of  0.051-in.  24S-T4  clad  aluminum  alloy 
sheet.  The  frames  are  made  of  0.064-in.  and  0.072-in  l4s-To  clad  aluminum 
alloy  sheet  and  are  split  at  each  vertical  seam.  A  conically  shaped  fiber¬ 
glass  nose  is  attached  to  the  rib  at  station  40.  Provisions  are  made  for 
the  primacord  at  both  vertical  seams  by  means  of  a  rubber  extrusion  cemented 
to  a  bent-up  aluminum  alloy  angle.  The  same  rubber  extrusion  was  installed 
around  the  fiberglass  nose  Just  forward  of  station  40. 

The  nose  shell  is  attached  to  the  missile  center  section  by 
means  of  four  high-strength  special  bolts,  heat-treated  to  180,000  p.s.i. 

These  bolts  are  specially  designed  to  contain  a  commercial  du  Pont.  E8l 
electric  blasting  cap  within  a  drilled-out  portion.  The  bolt  is  undercut 
precisely  at  the  splice  station  to  insure  that  when  the  cap  is  exploded 
the  bolt  will  shear  properly  and  separate  the  warhead  cleanly  from  the 
missile.  The  bolt  is  inserted  through  a  recessed  "bathtub"  fitting  in 
the  center  section  and  threaded  into  a  Rosan  insert  in  the  longeron  in 
the  nose  section. 

The  explosive  bolt  was  the  result  of  an  extensive 
investigation  conducted  by  the  Glenn  L.  Martin  Co.  with  the  object  of 
determining  the  optimum  bolt -rupturing  charge  and  the  depth  of  undercut 
necessary  to  obtain  a  clean  fracture.  The  results  of  some  of  the 
experimental  work  are  shown  In  figs.  2  and  3-  The  bolt  subsequently 
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TEST  OF  EXPLOSIVE  BOLT  IN  SIMULATED  BULKHEAD  SHOWING  CLEM  FRACTURE 
USING  15 -GRAIN  PETN  ELECTRIC  BLASTING  CAP 


UNCLASSIFIED 


UNCLASSIFIED 

I 


1 


FIGURE  R 

TESTS_  CONDUCTED  TO  DETERMINE  OPTIMUM  CHARGE  REOUTREG 
TO  FRACTURE  EXPLOSIVE  ROT.T  - - 
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selected  was  0.625  in.  in  diameter;  a  0.28l~in.  hole  was  drilled  from 

the  head  through  the  shank  to  a  depth  of  1.625  in.  The  undercut  in  the  shank 

is  0.545  in.  in  diameter  and  3/16  in.  wide.* 

The  cluster  is  supported  internally  at  the  forward  end  by  a 
ring  frame  nesting  the  oldster,  completely  around  its  periphery.  At  the  base 
the  cluster  is  supported  by  an  X-frame,  a  circular  flanged  pan  with  cross  members 
that  attach  to  the  four  longerons.  The  attachment  of  the  cross  members  to  the 
longerons  is  accomplished  in  such  a  manner  that  the  X-frame  is  locked  in 
positively  until  the  primadbrd  cuts  the  nose  casing,  which  immediately  frees 
the  X-frame  from  the  base  of  the  cluster. 

The  nose  design  was  proved  by  a  series  of  tests.  The  Glenn  L. 
Martin  Co.  was  awarded  a  contract  (DA-18 -108 -CML- 3462 )  to  fabricate  and 
statically  test  three  B-61A  chemical  warhead  nose  casings.  By  means  of  the 
four  explosive  bolts  the  noses  were  secured  in  a  vertical,  nose-down  attitude 
to  a  specially  constructed  test  stand.  A  lanyard  was  attached  between  the  base 
of  the  nose  and  a  miparoswitch,  which  had  been  mounted  on  a  stationary  panel  on 
the  test  stand  to  provide  a  short  delay  between  bolt  and  primacord  detonation. 

In  each  test  an  empty  E54  cluster  adapter  was  assembled  in  the  nose.  High-speed 
cameras  were  placed  to  film  the  test  from  two  points,  roughly  90°  apart. 

The  tests  were  conducted  successfully  with  the  system  functioning 
in  each  case  as  planned.  The  high-speed  movies  also  indicated  that  the  gases 
generated  by  the  primacord  forced  the  separation  of  the  nose  halves  in  a  very 
-forceful  manner.  This  fact  indicated  that  there  would  be  no  Interference  from 
the  missile  nose  parts  during  opening  of  the  cluster.  Examination  of  the 
adapter  showed  a  series  of  pock  marks  in  a  line  directly  under  the  primacord  on 
both  sides;  otherwise  there  was  no  indication  of  any  damaging  effect  from  the 
blast  which  might  prove  harmful  to  the  small  munitions.  These  tests  are  re¬ 
ported  in  detail  in  Glenn  L.  Martin  Co.  Engineering  Report  5387,  including  one 
reel  of  l6-mm.  movie  film  of  the  test  (2). 

In  the  course  of  the  development  of  the  B-61A  missile,  an 
attempt  was  made  to  design  a  universal  warhead  compartment  which  could 
accommodate  any  of  the  proposed  warheads ,  Although  such  a  compartment 
would  be  very  desirable >  the  idea ‘’proved  t6  be  highly  impractical  from  ... 
several  viewpoints;  for  example,  the  present  configuration  for  chemical 


*This  bolt  was  eventually  redesigned  to  reduce  the  diameter  to  that  of 
the  bolt  used  to  attach  the  primary  warhead  to  the  iissile,  thus 
permitting  use  of  the  same  splice  fittings  and  furthering  the  effort 
to  standardize  the  missile  design. 
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warheads  is  much  simpler  and  less  costly  than  that  required  for  the  special 
warhead.  An  alternate  to  this  proposal  would  be  to  design  a  missile  which, 
from  station  120  aft,  would  be  capable  of  carrying  all  warheads  and  also 
fulfill  the  needs  of  any  given  warhead.  This  approach  would  mean  consider¬ 
able  simplification  from  a  production  standpoint  and  from  a  logistic  angle. 

This  principle  was  adopted  in  theory;  however,  in  designing 
the  chemical  nose  which  was  used  on  the  fin-stabilized  warhead  this  concept 
was  not  followed  to  the  letter.  The  attachment  bolts  of  the  original  design 
were  a  size  larger  than  that  used  for  other  warheads;  the  electrical  wiring 
for  the  explosive  bolts  was  contained  in  the  missile  center  section.  This 
arrangement  was  changed  by  placing  the  wiring  in  the  nose  casing,  and  the 
bolt  size  was  also  reduced  to  conform  to  that  of  the  other  warheads.  In 
addition,  the  Rosan  insert  was  eliminated  by  redesigning  the  nose  case 
longerons  to  incorporate  "bathtub"  fittings,  as  on  the  center  section.  The 
bolt  Itself  was  lengthened  by  5 /8  in.,  and  an  elastic  stop  nut  was  used  in 
place  of  the  Rosan  insert.  This  modification  further  simplified  the  warhead 
assembly  by  allowing  the  use  of  standard  tools  and  also  by  making  the 
alignment  of  missile  and  warhead  less  critical  during  the  operation  of  the 
bolt  attachment.  These  modifications  were  built  Into  three  noses  which  had 
originally  been  programmed  for  missile  flights  with  the  E125  gas  warhead. 

b .  E54  Cluster  Adapter. 

Design  of  the  cluster  adapter  proceeded  from  the  parameters 
previously  described.  Here  again,  the  experience  gained  on  the  YSSM-A-1 
program  proved  of  great  value  because  several  undesirable  features  had 
already  been  brought  to  light  so  that  a  sounder  approach  to  the  new  design 
was  possible.  The  first  consideration  was  the  reduction  of  weight.  The 
"Y"  adapter  of  the  earlier  design  was  of  sheet  steel  construction  with 
urvieldy  end  plates,  which  weighed  approximately  450  lb.  Nevertheless,  the 
adapter  was  not  considered  strong  enough  to  withstand  handling  and  shipping. 

The  field  of  low-pressure,  fiberglass -reinforced  plastics 
was  first  investigated  from  weight/strength  and  availability  standpoints . 

It  was  indicated  that  this  material  could  apparently  be  utilized  in  the 
design  of  the  adapter,  and  design  Btudies  were  made  based  on  this  material. 

A  preliminary  drawing  was  prepared  of  a  design  for  a  cluster  adapter  molded 
entirely  of  fiberglass-reinforced  plastic,  consisting  of  two  identical 
halves  with  the  longitudinal  axis  lying  in  the  parting  plane.  The  two  halves 
of  the  device  are  locked  together  by  a  latching  mechanism  running  along  the 
edges;  the  latches,  six  on  each  side,  being  actuated  simultaneously  by  push- 
pull  rods  which  protrude  through  the  base  of  the  adapter.  This  latch 
mechanism  is  included  only  to  keep  the  cluster  intact  during  storage,  shipping, 
and  assembly  in  the  warhead.  Aftt*  the  cluster  is  assembled  in  the  warhead, 
the  latches  are  released,  and  the  integrity  of  the  cluster  is  maintained 
Bolely  by  the  nose  structure.  With  the  exception  of  the  latching  mechanism, 
the  adapter  half  is  molded  in  one  piece. 
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The  preliminary  design  was  submitted  to  several  concerns  with 
invitations  to  bid  on  a  contract  for  the  design,  development,  and  fabrication 
of  fifty  cluster  adapters.  The  Winner  Manufacturing  Co.  of  Trenton,  New  Jersey, 
was  the  successful  bidder,  and  contract  DA-l8-108-CML~3040  was  signed  on 
21  December  1951“ 

The  problem  was  studied  by  Winner  on  the  basis  of  the  preliminary 
design;  a  preliminary  stress  analysis  indicated  that  the  design  was  sound  and 
that  a  comfortable  margin  of  safety  existed.  Additional  latches  were  incorpo¬ 
rated  to  insure  the  integrity  of  the  assembled  cluster,  and  locating  pins  were 
incorporated  at  the  four  corners  to  facilitate  alignment  of  the  two  halves. 
Otherwise,  the  basic  design  remained  unchanged.  A  complete  history  of  the 
development,  analysis,  and  fabrication  of  the  cluster  adapter  can  be  found  in 
the  contract  reports  (3)«  The  adapter  was  subsequently  designated  Adapter, 
3000-lb.  Cluster,  E51*- « 

The  first  three  adapters  were  fabricated  with  l/4-in.  end 
sections,  which  failed  readily  in  end-drop  tests.  The  design  was  changed 
to  Increase  the  thickness  to  l/2  in.  and  the  inside  radius  at  the  Joint 
between  the  cyliMSr  .  and  the  end  was  increased.  This  change  proved  satis¬ 
factory  so  that  no  further  changes  were  incorporated  in  the  remaining  adapters 
fabricated.  Testing  lagged  behind  fabrication,  a  condition  which  made  it 
necessary  to  accept  the  remaining  adapters  on  the  strength  of  visual  inspection 
and  limited  static  tests.  Despite  this  gap  between  manufacturing  and  testing, 
subsequent  tests  revealed  only  minor  defects  which  could  be  improved.  These 
items  will  be  noted  in  detail  in  the  section  on  flight  testing  (see  p.  58). 

Specimens  were  taken  from  one  of  the  E54  adapters  to  evaluate 
the  physical  properties  of  the  la  ini  nated  fiberglass  material.  All  specimens 
were  conditioned  for  a  minimum  of  48  hr.  prior  to  test  in  an  atmosphere  of 
75  *  2°F.  and  a  relative  humidity  of  50  ±  2$.  These  conditions  were  also 
maintained  during  the  test.  The  results  are  given  in  table  3- 

The  values  obtained  from  these  tests  are  in  close  agreement 
with  the  criteria  established  by  Owens -Corning  Fiberglass  Corporation,  makers 
of  the  fiberglass  mat  used  in  the  E54  adapter. 

Several  samples  of  the  laminated  fiberglass  were  subjected  to 
chemical  tests  to  determine  the  compatibility  of  the  laminate  with  GB. 

Samples  measuring  2  by  3/4  by  l/2  in.  were  cut  from  the  end  bulkhead  of  the  E54 
adapter.  One  2  by  3/4-in.  surface  was  the  external  face  coated  with  the 
overlay;  thfe  otKfer.2  by  3/4-in.  surface  was  the  internal  face  with  no  overlay. 
The  other  four  surfaces  were  cut  through  the  laminations  exposing  the  fiberglass 
ends,  resin,  and  filler.  Laminate  samples  were  partially  immersed  in  stabi¬ 
lized  GB  in  steel  test  cups,  leaving  a  50$  void.  The  cups  were  closed  with 
bushings  fitted  with  pressure  gages  and  were  then  stored  at  71°C.  .until 
removal  became  necessary  due  to  excessive  pressure  development.  Results  of 
the  storage  tests  are  given  in  table  4 . 
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Physical  Properties  of  Laminated.  Fiberglass  Used  In  the  E54  Cluster  Adapter 


A.  Tensile  Strength  (Fed.  Spec.  L-P-4o6b,  1011). 


Restricted  Area 

Load 

Elongation 

Ultimate  strength 

Remarks 

KQ-Q29I 

Thickness 

in. 

in. 

lb. 

in. 

p.s.i. 

0.503 

O.T’io 

6,887 

0.054 

18,500 

Rate  of  head  travel  constant  at 
0.20  in. /min.;  five  specimens 

0.495 

0.734 

5,435 

Negligible 

14,700 

In  all 

ff  "'-1 

0.746 

8.300 

0.063 

28,700 

B. 

Flexural  Properties 

[Fed.  Spec 

.  L-P-4o6b.  1031.1) . 

Value 

K3353 

Load 

Maximum  fiber  stress 

Remarks 

Average 

Low 

High 

in. 

0.385 

0.381 

0.388 

In. 

0.382 

O.375 

O.39O 

in. 

0 

6-539 

6.477 

6.600 

— 

roup  1 1  Five  SpecJj 

17/1 

17/1 

17/1 

-TV."- 

lens  Loa 

170.4 

165.5 

177.0 

p.a.l. 

ded  Parallel  to  Lamia 

29,600 

28,200 

30,800 

atlon 

Rate  of  head  travel  for  both 
groups  constant  at  0.10  in. /min. 

Average 

Low 

High 

0.381 

0.375 

_°l2§8 

0.387 

0.381 

°-3£>6. 

0 

6.485 

6.375 

6.600 

roup  II !  Five  Spec 

17/1 

17/1 

17/1 

laens  Lo 

176.5 

162.5 

191-5 

aded  Perpendicular  to 

30,500 

28,900 

_ 2hS9 0 

Laminations 

Rate  of  head  travel  for  both 
groups  constant  at  0.10  ln./siin. 

C.  Compressive  Strength  (AfiTM  D695-49'!') , 


Depth 

Width 

Thlcknefls 

Area 

toad  at 
failure 

CompreBslve 

strength 

Compression 
at  failure 

Remarks 

Average 

Lov 

High 

In. 

0.999 

0.998 

1.000 

In. 

0.472 

0.470 

0.475 

In. 

0.499 

0.496 

0.500 

sq. in. 

O.236 

0.235 

0.236 

lb, 

5,i59 

4,750 

5,635 

p.8.1. 

21,900 

20,000 

_ 83,9.00 _ 

’ 

2.2 

1-5 

_ _ 

Rate  of  head  travel  constant  at 
0.20  In. /min. j  six  specimens 

D.  Shear  Strength  (ASM  1732-46). 

Depth 

Diameter  of  shear  tool 

Area 

Load 

Shear  strength 

_ _ Remarks 

Average 

Lov 

-Siete _ 

In. 

0.491 

0,417 

0.495 

in. 

1.000 

1.000 

1.000 

sq.in. 

1.541 

1.499 

1.558 

p.s.i. 

24,000 

23,100 

55,500 

p.s.i. 

15,800 

14,800 

16,300 

Six  specimens,  each  approximately 
£  in.  square 
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Results  of  Storage  Tests  of  Laminated  Fiberglass  in  GB 


Specimen  1 

Specimen  2 

Specimen  3 

Length  of  storage,  da. 

30 

17 

30 

Pressure  developed,  p.s.i.g. 

82*- 

110 

95 

Conditions  after  storage: 

GB  recovery,  $ 

77 

88 

90 

GB  analysis: 

Acidity,  mgoH+/lOO  g. 

71- 

63 

59 

Ionic  fluorine,  # 

1.2 

2.k 

0.8 

Purity,  $ 

6l 

- 

- 

Appearance 

Cloudy  amber 
liquid;  dark 
deposit  on 
sides  and 
bottom  of  cup 

Amber  liquid; 
black  deposit 
on  sides  and 
bottom  of  cup 

Cloudy  amber 
liquid;  dark 
deposit  on 
sides  and 
bottom  of  cup 

The  samples  presented  the  same  appearance  upon  removal  from 
storage.  All  were  quite  badly  damaged;  The  overlay  was  flaking  off;  white 
growths  had  appeared  on  the  cut  edges;  and  the  specimens  were  badly  swollen. 


In  examination  of  the  results,  i  would  appear  that  the 
laminate  is  unsatisfactory  for  use  with  GB.  Although  the  overlay  appears 
to  have  been  affected  by  the  GB,  the  principle  difficulty  was  undoubtedly 
caused  by  the  calcium  carbonate  base  filler  used  in  manufacture  of  the 
laminate . 


Because  of  the  failure  of  the  calcium  carbonate  filler,  it 
was  decided  to  investigate  the  compatibility 'Of  GB' With  other  fillers. 

One  that  appeared  likely  to  be  stable  in  GB  was  Columbia  Hi-Sil,  a  silicon 
dioxide  pigment  produced  by  Columbia  Chemicals  Division  of  the  Pittsburgh 
Plate  Glass  Co.  Mixtures  of  0.050  g.  of  Columbia  Hi-Sil  and  30.0  g.  of 
plant-stabilized  GB  were  stored  for  1,  2,  and  3  mo.  at  in  steel  test 

cups  equipped  with  pressure  gages.  A  control  test  was  run  on  the  agent 
alone . 


li 

h 
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Results  of  these  elevated-temperature  storage  tests  show  that 
Columbia  Hi-Sil  has  no  significant  effect  on  the  agent .  After  3-mo.  storage 
20  p.s.i.g.  was  developed  in  the  mixture  of  Columbia  Hi-Sil  and  GB  as  compared 
with  12  p.s.i.g.  for  the  control.  This  pressure  difference  covers  the  range 
normally  encountered  in  duplicate  tests .  It  could  not  be  visually  ascertained 
whether  the  Hi-Sil  remained  particulate  or  had  dissolved  in  the  agent. 

c .  Liners . 

One  feature  of  the  adapter  not  mentioned  heretofore  is  its 
capability  for  carrying  any  of  the  existing  BW-CW  munitions .  This  is 
accomplished  by  interchanging  the  liners  which  support  the  banks  of  munitions . 
Development  of  the  liners  was  originally  included  in  the  scope  of  contract, 
but  later  the  Winner  Manufacturing  was  relieved  of  this  responsibility,  and 
the  development  was  undertaken  in  these  Laboratories .  The  prime  consideration 
was  selection  of  a  material  which  would  he  slightly  resilient  and  yet  would 
not  take  a  permanent  set.  These  characteristics  are  essential  for  two  reasons: 

(1)  The  liner  must  be  resilient  to  facilitate  assembly  of  the  cluster]  and 

(2)  the  liner  must  maintain  the  integrity  of  the  bomb  bank  under  all  handling, 
transportation,  storage,  and  missile  flight  conditions  for  at  least  5  yr. 
without  losing  its  resiliency. 

Several  materials  for  liners  were  studied  and  either  investigated 
or  set  aside  for  future  consideration.  These  materials  and  the  action  taken 
are  listed  below. 


Material  and  source 

Remarks 

Royal ite 

U.S.  Rubber  Co 

A  lighweight,  semirigid  synthetic  composition, 
embodying  millions  of  tiny  cellB  which  are 
not  connected;  although  embodying  many  good 
characteristics,  takes  a  permanent  set  from 
loads  in  excess  of  compressive  yield  stress 

''Styrofoam 

Various  Sources 

A  cellular  cellulose  nitrate  composition 
similar  in  construction  to  Royalite;  subject 
to  permanent  set  under  excessive  loads 

Texlite 

Sponge  Rubber  Products  Co. 

Curled  hair  and/or  wool  fibers,  bonded  with 
sprayed  latex;  extremely  light;  appears  to 
have  a  high  moisture-absorption  capacity; 
may  be  troublesome  in  forming  or  cutting 
to  special  shapes 
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i  Material  and  source 

Charred  cork 

Armstrong  Cork 

r— - - — 

■Charred,  shredded  . corkr, bonded  together  in 
sheet  stock;  insufficient  resilience  for  this 
particular  application  as  it  has  no  inherent 
strength  and  sections  break  easily  under 
normal  handling;  could  possibly  be  employed 
by  applying  a  coating  of  latex,  but  this  adds 
to  the  production  process  and  considerably 
increases  the  cost 

Phenolic -filled  fiberglass 
Owenq -Corning  Fiberglass 
and  Others 

Material  shows  great  promise,  but  further 
investigation  was  put  off  due  to  the  time 
and  the  initial  costs  involved;  proposed 
application  required  that  the  liners  be 
built  up  from  commercial  Bheet  stock  or 
molded  from  the  raw  materials 

Spongex 

Sponge  Rubber  Products  Co. 

Made  of  natural  or  synthetic  rubbers, 
investigation  of  this  material  deferred, 
pending  results  of  investigation  of  Other 
materials  with  a  view  to  finding  a  satisfactory 
product  which  is  noncritical  or  lesB  critical 
than  those  utilizing  natural  or  synthetic 
rubbers  as  the  base 

Texfo&m  , 

Sponge  Rubber  Products  Co. 

Product  was  deferred  together  with  Spongex  for 
the  same  reasons,  being  a  latex  rubber  j 

fSrmul&tlin.- 

Rubatex 

Rubatex  Division,  Great 
American  Industries 

Also  a  natural  or  synthetic  rubber;  set  aside 
with  Spongex  and  Texfoam 

Expanded  polyvinyl  chloride 
Neff -Perkins  Co. 

As  name  implies,  this  material:  is  formed  by 
expanding  molten  polyvinyl  chloride  in  molds, 
using  nitrogen  gas  under  pressure;  material 
shbwed  considerable  promise  and  is  the  one 
which  was  investigated  most  thoroughly;  its 
development  as  a  liner  is  discussed  in  greater 
detail  below 

The  list  does  not  represent  all  of  the  materials  which  had 
cushioning  properties,  as  others,  not  named  herein,  were  discarded  at  sight 
because  of  obvious  disadvantages . 
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Expanded  polyvinyl  chloride,  the  material  most  thoroughly 
investigated,  id  formed  by  expanding  the  molten  vinyl  with  nitrogen  gas 
under  very  high  pressures .  The  resultant  product  can  be  either  intercellular 
or  unicellular,  dependent  on  the  particular  process  employed. 

In  the  absence  of  any  specific  design  information  on  the 
expanded  vinyls,  samples  were  molded  to  the  exact  shape  required  for  a 
no-load  condition  in  the  adapter.  These  samples  were  made  in  these 
Laboratories  at  a  time  when  little  was  known  of  the  processes  or  character?- 
istics.  The  average  density;  f dr  this  initial  lot  was  about  12  lb./cu.ft„, 
which  was  a  good  bit  higher  than  that  desired.  However,  the  samples  were 
first  tried  for  suitability  in  the  cluster  and  appeared  to  provide  firm 
seating  for  the  munitions .  Because  of  the  urgency  of  the  flight  test  program 
after  a  limited  investigation  of  this  initial  lot,  it  was  decided  to  produce 
two  complete  sets  for  two  clusters}  however,  production  of  these  two  sets  of 
liners  consumed  an  excessive  amount  of  time  which  could  not  be  tolerated 
schedule -wise . 


Other  material  sources  were  then  sought,  and  one  manufacturer, 
Neff -Perkins  Co.,  offered  expanded  vinyl  in  sheet  form  of  varying  densities 
and  thicknesses.  Sheets  2  in.  thick  having  a  density  of  4. 5  lb./cu.ft.,  i.om 
which  the  liners  could  be  cut,  were  obtained.  The  commercial  product  had 
several  advantages  over  the  laboratory  samples,  among  these  being  controlled 
density,  unicellular  construction,  and  elimination  of  the  molding  process. 

The  laboratory  samples  had,  however,  a  very  high  rate  of  moisture  absorption, 
a  condition  which  was  extremely  undesirable  in  this  application. 

A  set  of  liners  for  a  single  bank  of  bombs  was  cut  with 
arbitrarily  selected  outer  radial  dimensions,  and  was  used  to  cluster  a 
single  bank  of  bombs  in  the  adapter;  deficiencies  were  noted.  The  radial 
dimension  was  altered  until  an  acceptable  fit  was  obtained.  No  vibration 
and  shock  tests  were  conducted  since  they  could  not  be  conducted  Independently 
of  the  shipping  container,  which  was  also  under  development. 

Samples  of  the  laboratory -produced  expanded  vinyl  were 
submitted  for  compatibility  tests  with  GB.  The  samples  were  Immersed  for 
an  extended  period  of  time  in  stabilized  GB  in  sealed  steel  cups;  they  were 
then  removed  and  examined.  They  showed  no  visible  evidence  of  deterioration, 
but  on  decontamination  they  completely  disintegrated.  It  is  anticipated  that 
samples  of  the  commercial  product  will  he  subjected  to  the  same  test  to 
determine  whether  the  cell  structure  has  any  bearing  on  the  ability  of  the 
material  to  remain  stable  during  and  after  immersion  in  GB.  More  work  is 
required  on  the  various  materials  before  it  can  be  safely  said  that  the 
final  choice  will  he  completely  satisfactory. 
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d .  E125  Nonpersl stent-Gas  Cluster . 

(l)  Assembly. 

Having  procured  a  quantity  of  E5^-  adapters  and  liners,  the 
next  phase  concerned  the  static  testing  of  the  E125  gas  cluster.  Fit  tests 
were  conducted  utilizing  the  E54-R6  gas  bomb.  Some  difficulty  was  encountered 
in  the  early  clustering  operations  when  cork  was  used  as  the  liner  material, 
as  it  was  virtually  impossible  to  secure  the  top  half  of  the  adapter  without 
applying  excessive  pressures.  This  was  due  primarily  to  the  difficulty 
encountered  in  holding  any  tolerances  when  cutting  the  cork  and  also  to  the 
lack  of  uniformity  of  the  inner  surface  of  the  adapter. 

When  the  fit  tests  were  repeated  using  molded  expanded  tflnyl 
liners,  the  clustering  operation  was  acqpmplished  without  difficulty,  and 
the  top  half  was  Installed  and  locked  in  place  by  applying  hand  pressure  only. 
All  of  the  preliminary  clustering  operations  showed  the  need  for  a  suitable 
method  of  retaining  the  liners  and  the  munitions  which  extend  above  the 
parting  line. 


(a)  Acceleration  Load  Tests. 

The'  cluster  was  next  tested  to  determine  its  ability  to 
withstand  the  riissile  acceleration  loads  at  launch  and  in  flight.  The 
severest  load  conditions  imppaed  are  5  g  axially  and  4  g  laterally.  In 
considering  the  axial  loads,  it  is  evident  that  the  loads  are  transmitted 
through  the  base  of  the  cluster  to  the  X-frame  and  thence  through  the 
missile  structure.  The  only  effect  produced  is  a  crushing  load  on  the 
adapter  base,  which  is  well  below  the  limits  for  the  glass  laminate. 

The  lateral  loads  imposed  were  carried  by  the  TZ5k  adapter 
and  taken  out  at  each  end.  This  condition  required  investigation,  and  a 
procedure  was  established  for  performing  the  load  tests,  described  in  detail 
as  follows: 


An  E5k  adapter  half  was  placed  in  a  supporting  fixture  which 
duplicated  the  method  of  support  in  the  nose  casing  (Ttg-  *0  •  The  adapter 
was  partially  assembled  with  6  banks  of  E5^R6  bombs,  having  29  bombs  per 
bank.  A  reinforced  steel  plate  web  placed  on  each  bank  as  a  support  for  the 
hydraulic  ram  and  also  bb  a  means  for  distributing  the  hydraulic  load 
uniformly  over  the  top  layers  of  bombs. 

The  applied  load  per  bank  was  determined  as  follows: 

Weight  of  unit  munition,  lb,  9.3 

Number  of  munitions  per  bank  (actual)  51 

Number  of  munitions  per  bank  (test)  29 
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Weight  of  E54  adapter,  lb.  240 

Weight  of  adapter  per  bank  (actual),  lb.  4o 

Weight  of  adapter  per  bank  (test),  lb.  20 

Weight  of  munitions  per  bank  (actual),  lb.  474.3 

Weight  of  munitions  per  bank  (test),  lb.  269.7 

Weight  of  cluster  per  bank  (actual),  lb.  514.3 

Weight  of  cluster  per  bank  (test),  lb.  289.7 

Acceleration  load,  g  4 

Safety  factor  1  1.15 

Duration,  sec .  15 


Applied  load  per  ram  =  wt.  of  cluster  per  bank  (actual)  x  acceleration  load  x 

safety  factor  -  wt.  of  cluster  per  bank  (test) 

=  514.3  x  4  x  I.15  -  289.7 
=  2365.78  -  289.7 
=  2076.08  lb.  per  ram 

Note:  Weight  of  the  cluster  adapter  was  assumed  to  be  uniformly  distributed 
over  its  length.  Weight  of  pressure  plates  and  rams  was  neglected. 

An  actual  load. oT. .£,079.  lb.  .nes  simultaneously  applied  on  each 
bank  for  a  minimum  of  15  sec.  Accurate  measurements  of  deflections  were  not 
made,  but  it  was  evident  from  the  use  of  a  steel  straight  edge  along  the  sides 
and  the  bottom  before  and  after  the  load  application  that  the  deflection  was 
negligible.  Moreover,  there  was  no  indication  of  fatigue  or  cracking. 

The  effect  of  the  side  loads  was  investigated  in  a  similar 
manner,  except  that  in  this  test  a  complete  E54  adapter  was  used  and  rotated 
90°  in  the  test  fixture.  As  shown  in  fig.  5>  the  hydraulic  load  was 
transmitted  through  the  adapter  by  means  of  two  solid  steel  rods  bearing  on 
a  reinforced  steel  plate  which  rested  on  the  partial  bank  of  bombs.  The 
hydraulic  ram  was  placed  on  a  steel  bridge  which  spanned  the  two  steel  rods. 
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FIGURE  5 

STATIC  TEST  OF  LATERAL  G  LOADING  OF  E125  CLUSTER 
- (HORIZONTAL  LOADS) 
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The  applied  load  was  determined  in  the  same  manner,  as 


follows : 

Weight  o.f  unit  munition,  lb.  9 •  3 

Number  of  munitions  per  bank  (actual)  51 

Number  of  munitions  per  bank  (test)  32 

Weight  of  E$k  adapter,  lb.  240 

Weight  of  adapter  per  bank  (actual),  lb.  40 

weight  of  adapter  per  bank  (test),  20 

Weight  of  munitions  per  bank  (actual),  lb.  474.3 

Weight  of  munitions  per  bank  (test),  lb.  297.6 

Weight  of  cluster  per  bank  (actual),  lb.  514 • 3 

Weight  of  cluster  per  bank  (test),  lb.  317 • 6 

Acceleration  load,  g  4 

Safety  factor  1.15 

Duration,  j3ec.  15 


Applied  load  per  ram  =  vt.  of  cluster  per  bank ‘(actual)  ;x ■ aec&latifcncload  x 

safety  factor  -  wt.  of  cluster  per  bank  (test) 

=  514.3  x  4  x  1.15  -  317. C 

=  2365.78  -  317.6 

=  2048.18  lb.  per  ram 

The  results  of  applying  a  load  of  2053  lb.’ for  15  sec.  again 
showed  no  visible  effect  on  the  adapter. 

It  should  be  noted  that  these  tests  were  conducted  early  in 
the  program;  since  that  time,  two  factors  have  changed  which,  although 
there  was  no  real  effect  on  the  over-all  results,  could  conceivably  be 
critical.  In  one  instance,  the  weight  of  the  product-type  E54R6  bomb  was 
reduced  to  8.3  lb.;  and  in  the  other,  the  E54  adapter  weight  was  stabilized 
at  300  lb.,  an  increase  of  60  lb.  The  net  change  was  a  246-lb.  over-all 
decrease,  which  results  in  an  increase  in  the  safety  margin  by  a  factor  of 
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I.O85.  Any  significant  change  in  the  other  direction  might  have  resulted  in 
a  marginal  condition  and  illustrates  the  difficulty  of  designing  to  close! 
limits  when  so  many  other  components  and  factors  are  subject  to  change. 

The  weight  limitations  imposed  by  the  military  characteristics 
were  established  early  in  the  missile  program  when  the  prime  concern  was 
the  development  of  the  basic  missile,  and  little  attention  was  paid  to  the 
warheads  which  would  eventually  be  carried.  The  transition  from  the  YB-6l 
to  the  B-61A  caused  a  number  of  changes  in  the  physical  data,  which  affected 
the  total  warhead  weight  and  location  of  the  center-of -gravity.  While  these 
changes  were  significant,  the  effect  on  the  design  of  the  E6  warhead  was 
negligible  in  the  early  phases  of  the  B-61A  program;  but  as  time  went  on,  it 
was  found  that  alignment  of  the  booster  rocket  was  very  critical,  and  it  was 
necessary  to  tighten  the  limits  on  the  weight  and  center -of -gravity  of  each 
component.  A  nomograph  (fig.  6)  was  prepared  by  the  Glenn  L.  Martin  Co., 
establishing  requirements  for  the  warhead  weight  and  center-of -gravity  to 
maintain  a  constant  missile  center-of -gravity .  On  the  basis  of  this 
nomograph,  the  EI25  cluster  was  reevaluated  and  modified  to  conform  to  the 
new  limits . 


One  other  factor  in  establishing  the  warhead  center-of -gravity 
was  the  location  of  the  trunnion  fittings.  For  loading  and  handling  purposes, 
the  center-of -gravity  should  preferably  be  located  aft  6f  the  trunnion, fittings 
so  that  the  base  of  the  warhead  would  tend  to  rotate  downward.  This  location 
is  in  keeping  with  the  design  of  the  warhead-handling  equipment,  which 
utilizes  a  four-point  attachment,  i.e.,  the  two  trunnions  and  two  pickup 
points,  at  station  II8.375. 

The  calculations  for  the  weight  and  center-of-gravity  of  the 
:,125  cluster  ai‘e  presented  as  follows: 

Symbols : 

W  -  weight 

X  -  distance  from  nose  to  c.g..of  component 
Subscripts: 

a  -  adapter 

aa  -  cluster 

af  -  afterbody  of  missile 
b  -  unit  bombs 
c  -  nose  casing 
1  -  liners 
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m  -  complete  missile 
s .  *  spacers 
v  -  complete  warhead 
Missile  Design  Values: 


Wfe  =  300  ±10  lb. 

Xa  =  40.5  +  37  = 

77-5  m. 

wy  =  10,249  lb. 

t 

Xgj  =  286.8  in. 

Wc  =  220  lb. 

Xc  =  86.5  in. 

Wb  -  8.3  lb. 

235 -3  H'.l 

in. 

The  unit  bomb,  E54R6,  is  12  in.  long  and  3-5/8  in.  in  diameter j  the  center-of- 
gravity  is  located  5  *$44  in.  from  the  nose.  Its  weight,  as  noted,  is  8.3  lh. 

Equations : 

Waa  ~  Wa  +  Wj,  +  Wq  +  Wb 

'  Ww  -*  Wc  +  waa 

wm  =  waf  +  Ww 

ffaXa  4-  WfaXh  +  WSXS 
Waa 

WqXq  +  WaaXaa 
Ww 

WafKff  +  WyfXy 
% 


Xaa  = 

%  = 
Xm  = 


Bomb  Loading: 

51  bombs/bank  x  6  banks  x  8.3  lb./bomb  =  2,539.8  lb. 

51  bombs/bank  x  6.3  lb./bomb  =  423-3  lb. /bank 

The  trunnions  are  located  at  station  78.594,  which,  for  handling 
safety,  is  the  extreme  forward  limit  of  the  warhead  center-of -gravity.  Prom 
the  nomograph,  (fig.  6),  the  warhead  weight  range  at  station  7 6.6  is  between 
3,255  lb.  and  3/315  lb.,  with  the  desirable  weight  set  at  3,280  lb. 
(corresponding  to  a  missile  center-of “gravity  of  235.8  in.). 
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waa  =  wa  +  wb  +  W1 

=  300  +  2,540  +  25 

Waa  =2,065 

Wc  +  Waa  =  220  +  2,865  =  3,085 
Ballast  required  =  desired  vt.  -  actual  wt. 

=  3,280  -  3,085 
=  195  lb. 


A  steel  plate  1  in.  thick,  29  in.  in  diameter,  'with  two 
parallel  circular  segments  27  in.  apart  cut  away,  will  provide  185  lb.  of 
ballast.  The  additional  10  lb.  of  weight  will  be  taken  up  by  the  fuze,  which 
has  not  been  included  in  the  weight  calculations . 

Placing  the  warhead  center-of -gravity  at  station  77f*0  will 
require  a  cluster  center-of -gravity,  as  follows: 


WvXw  =  WCXC  +  WaaXaa 


v  _  -  WcXc 

Xaa  “  Waa~ 


(3,2703(77.9)  ~  ( 220 ) ( Q6 . 5 )  =  232,800 

3,050  3,050 


X  •-  76.4  in.  (35*9  in.  when  measured  from  forward  face  of  adapter). 

By  examination  and  trial  it  was  determined  that  the  steel 
spacer,  if  placed  between  the  second  and  third  bomb  banks,  would  locate  the 
warhead  center-of -gravity  properly,  as  evidenced  by  the  following  calculations : 


Xaa  -  waXa  +  +  WXXX  +  WSXS  or 


-  (3QO)(37)fl(84$'.61(Uv844)f(l69).3$)(48.844)4(8.32)(12.5)tU6v68)(49.g)|(l85)(g^) 

3,050 


Xaa 


11.100  +  iOj,qgo_+  82,700  +  104  +  826  +  4,625 

3,050 


109,405 

3,050 


CONFIDENTIAL 

29 


CONFIDENTIAL 

Xaa  =  35,9  in,  (76.4  in,  in  terms  of  missile  station) 
As  further  proof  of  this  value: 


xm  =  ¥af  tfaf . ± 


w. 


m 


or 


=  (lO,gU9)(286.8)  +  (3,2^0(77.0)  =  2.940,000  +  252,000 


3-3,519 

X*  =  235.9  in. 

Summarizing: 

Wt.  of  cluster  (Waa)  =  3,050  lb. 

Wt,  of  warhead  (Ww)  =  3,270  lb. 

Wt.  of  missile  (Ww)  =  13,519  lb. 

C.g.  of  cluster  (Xaa)  =  sta.  76 .h- 
C.g.  of  warhead  (Xv  =  eta.  77. 0 

C.g.  of  missile  (%  *  sta.  235.9 

e .  Fuze,  Mechanical  Time,  Tl4o4 . 


13,-519 


.3.;..19g.|000 

13,519 


With  the  transition  from  YSSM-A-1  warhead  to  the  SSM-A-1  or 
B-61A,  the  fuze  concept  underwent  radical  changes .  A  new  set  of  military 
characteristics  was  prepared  at  these  Laboratories  and  submitted  to  Picatinny 
Arsenal  through  Office,  Chief  of  Ordnance,  with  a  request  for  the  design, 
development,  and  fabrication  of  100  units  to  be  used  by  these  Laboratories 
in  conjunction  with  the  test  program..  These  characteristics,  modified  by 
Picatinny  Arsenal,  are  as  follows  (4): 

(l)  The  fuze  shall  provide  two  elements  governed  by  a 
mechanical  timing  mechanism.  One  element  shall  be  for  the  operation  of  an 
electrical  switch  within  the  fuze  (28-v.  d.c.,  l4  amp.)  with  terminals 
placed  in  an  accessible  location  on  the  outside  of  the  fuze  housing.  The 
second  element  shall  be  for  the  initiation  of  primacord  by  the  use  of  an 
M3 6  electric  detonator. 


(2)  The  timing  mechanism  shall  be  capable  of  being  set 
within  the  range  of  5  to  90  sec.,  in  increments  of  l/2  sec.  for  the  operation 
of  the  switch.  The  initiation  of  the  primacord  shall  be  delayed  4  t  l/2  sec. 
after  the  set  time.  If  feasible,  this  de3.ay  should  be  accomplished  by 


CONFIDENTIAL 

30 


r 


CONFIDENTIAL 


electromechanical  means ;  otherwise,  the  delay  will  be  accomplished  by  means 
of  a  powder  delay  element.  This  powder-train  delay  element  will  be  provided 
with  an  electric  primer  for  initiation,  which  will  be  activated  by  the 
missile  power  supply  at  the  same  instant  the  electric  switch  is  closed. 

(3)  The  timing  accuracy  shall  be  1  1  sec.  throughout  a 
temperature  range  of  -65°F.  to  +  125°F.  (Note:  The  desired  timing  accuracy 
id  +  1/2  sec .  for  this  temperature  range . ) 

(4)  The  fuze  shall  be  able  to  withstand  an  initial 
acceleration  force  of  12  g  and  function  satisfactorily  when  undergoing  an 
acceleration  of  7  S  from  any  direction.  The  aforementioned  g  requirements 
include  a  safety  factor  of  1.75. 

(5)  The  fuze  shall  not  be  capable  of  functioning  until 
armed.  Fuze  to  be  electrically  armed  by  means  of  a  solenoid  and  pin 
arrangement.  The  energizing  of  solenoid  to  be  accomplished  by  missile 
circuitry. 


(6)  The  fuze  shall  show  evidence  of  being  armed  or 
unarmed  by  visual  external  inspection. 

(7)  The  electric  detonator  shall  be  physically  separated 

!  from  communication  with  the  primacord  when  the  fuze  is  in  the  unarmed  condition, 

ij  so  that  if  the  detonator  were  to  function  from  any  cause,  the  primacord  would 

not  be  initiated.  The  fuze  shall  be  so  designed  that  the  detonator  cannot 
be  assembled  in  the  armed  position. 

(8)  The  fuze  must  remain  safe  during  flight  until 
arming  occurs  at  the  prescribed  time. 

(9)  The  fuze  shall  be  of  a  design  suitable  for  mass 

production. 

(10)  The  metal  parts  shall  be  protected  against  corrosion, 
as  determined  by  the  salt-spray  test. 

(11)  The  fuze  shall  be  of  minimum  size  and  weight 
consistent  with  requirements . 

(12)  The  fuze  shall  be  designed  for  fabrication  from 
materials  which  are  readily  procurable  in  time  of  war. 

(13)  The  fuze  shall  be  capable  of  assembly  in  the  missile 
after  installation  of  the  warhead,.  Fuze  to  be  mounted  by  the  use  of  brackets, 
so  designed  as  to  permit  setting  of  the  timing  mechanism  after  the  fuze  is 
mounted.  Mounting  dimensions  will  be  coordinated  with  the  missile  designer 
through  Picatinny  Arsenal. 
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(14)  The  fuze  shall  he  capable  of  withstanding  the 
following  development  tests: 

(a)  Tem.perati.tre  and  humidity  test  as  described  in 
Specification  MIL~Std~304.  Consists  of  cycling  fuzes  between  the  extremes  of 
+160°F.(95$  r.h.)  and  -8o°F.  at  beginning,  rising  to  -650F»  during  test. 
Criterion  for  passing  is  that  fuze  must  be  safe  and  operable  following  tests. 

(b)  Jolt  test  as  described  in  Specification  MIL-Std- 
300.  Test  consists  of  jolting  each  sample  fuze  1.750  times  in  each  of  three 
positions  in  the  jolt-testing  machine,  as  shown  on  Ordnance  Corps  drawing 
81-3-30.  Criteria  for  passing  are  that  no  element  shall  explode  or  become 
unsafe  due  to  parts  breaking,  becoming  deformed,  or  some  similar  occurrence. 

(c)  Transportation  vibration  test  as  described  in 
Specification  MIL-Std-303.  Test  consists  of  vibrating  sample  fuzes  according 
to  a  specified  schedule  of  frequencies,  amplitudes,  and  durations.  Criteria 
for  passing  are  that  the  fuze  must  be  safe  and  operable  following  the  test. 
Fuze  to  be  set  prior  to  test.  Fuze  must  function  at  that  setting  after  test. 

(15)  The  fuze  must  be  of  such  a  design  that  it  can 
readily  be  packed  in  hermetically  sealed  containers .  When  packed  ( in 
hermetically  sealed  containers,  which  are  in  turn  packed  in  a  wood  box)  the 
fuze  will  withstand  in  any  sequence  the  following  tests: 

(a)  Four  4-ft.  drops  on  a  concrete  surface,  each 
drop  on  a  different  diagonal  of  the  packing  case. 

(b)  The  fuze  will  withstand  96  drops  in  a  standard 
l4-ft.  revolving  drum  such  as  is  used  at  Picatinny  Arsenal. 

(c)  Vibration  in  any  direction  at  a  frequency  of 
550  cycles/min.  at  an  amplitude  of  l/4  in.,  total  excursion  for  4  hr. 

(d)  40-ft.  drop  test  simulating  500-lb.  munition 
dropping  onto  reinforced-concrete  slab. 

(e)  Standard  AMC  dust  test. 

(f)  Rain  teBt  and  freezing  test. 

The  above  program  was  originally  proposed  as  an  extension  of 
the  T1401  fuze  development;  but  the  program  called  for  a  fuze  which  was 
virtually  a  new  item,  later  designated  the  Tl4o4.* 


*Picatinny  Arsenal  had  originally  proposed  the  designation  T1.401E1,  but  it 
soon  became  evident  that  the  proposed  item  bore  no  resemblance  to  the 
Tl401 .  Consequently,  the  new  designation  was  adopted. 
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In  November  1952,  Office,  Chief  of  Ordnance  reassigned  the 
project  to  Diamond  Ordnance  Fuze  Laboratories  because  of  the  heavy  work  load, 
being  carried  by  Picatinny  Arsenal. 

Diamond  Ordnance  Fuze  Laboratories  prepared  a  preliminary 
design  of  a  fuze  and  fabricated  one  model.  This  design  and  model  formed  the 
basis  for  a  production,  model  which  was  designed  by  Raymond  Engineering 
Laboratories .  Raymond  simplified  the  logistic  and  tactical  employment  of  the 
Tl4o4-  fuze  by  combining  two  complete  units  in  one  package  with  individual 
time-setting  and  arming  indicators  (figs.  7  and  8).  In  all  respects  the 
production  version  of  the  Tl4o4  complies  with  the  military  characteristics 
in  so  far  as  the  test  program  has  progressed. 

Representatives  of  Diamond  Ordnance  Fuze  Laboratories 
participated  in  three  tests  of  fin-stabilized  warheads  on  a  "ride-along" 
basis  to  determine  the  functioning  characteristics  of  the  fuze.  The  fuzes 
were  mounted  with  scratch  recorders,  which  provided  a  permanent  record  of 
the  functioning  of  each  circuit  and  the  total  time  for  each  event.  The  time 
of  initiation  of  each  event  was  also  measured  on  ihe  recording  disk.  In 
the  first  test  the  recorder  showed  normal  functioning  of  each  phase  with  the 
explosive-bolt  detonator  switches  closing  at  29  and  30  sec.,  the  manual 
setting  being  30  sec.  The  primacord  detonator  circuits  were  energized 
4-  sec.  later.  The  only  explanation  for  the  timing  error  of  1  sec.  for  the 
detonator  svitch  was  a  slight  maladjustment  of  the  T3  clock,  the  mechanical 
timing  device. 


No  results  were  achieved  on  the  second  test  due  to  a  malfunction 
of  the  primary  system,  causing  the  fin-stabilized  warhead  to  land  intact.  The 
I’ecorder  was  damaged  bteyond  any  possibility  of  reading  the  disk.  On  the  third 
test  the  recorder  was  recovered  intact.  .The  explosive -bolt  detonator  switches 
closed  at  29-1/2  and  30  sec.  Again  the  manual  setting  was  30  sec.  One 
primacord  detonator  circuit  operated  in  34-  sec.,  whereas  there  was  no 
indication  of  functioning  in  the  second  circuit,  the  apparent  cause  of  -the 
failure  being  a  defective ' contact  in  the  rotor  circuit. 

Diamond  Ordnance  Fuze  Laboratories  has  successfully  conducted 
a  number  of  tests  on  the  out-of-line  safety  feature,  in  which  the  detonator 
is  fired  with  the  rotor  in  the  out-of-line  position.  The  rotor  in  this 
position  is  120®,  or  linearly  0.750  in.,'Out  of  line  and  is  shielded  from  the 
primacord  relay  by  the  barrier  plate  of  0. 379-in-  aluminum.  The  barrier 
plate  is  also  the  baseplate  of  the  fuze. 

Shock  and  vibration  tests  have  also  been  conducted  with 
excellent  results.  No  component  failures  occurred  as  a  result  of  these  tests. 

Further  development  and  testing  of  the  Tl4o4-  was  curtailed  as 
a  result  of  the  Air  Force  directive  canceling  all  future  work  on  the  chemical 
warheads  for  the  MATADOR. 
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f  -  Interim  Fuze. 

Development  of  the  Tl4o4  fuze  was  unavoidably  delayed  at 
Picatinny  Arsenal  because  of  unsuccessful  contract  negotiations,  so  that 
the  program  lagged  behind  the  other  phases  by  approximately  1  yr.  As  the 
need  for  an  interim  fuzing  system  for  the  dynamic  test  program  was  evident, 
a  program  was  established  to  develop  a  safe  and  reliable  system  which  could 
be  used  until  the  Tl4o4  became  available. 

The  interim  system,  which  resulted  consisted  of  two  primary 
components:  an  electromechanical  timer,  fig.  9,  and  a  delay  detonator,  fig. 

10.  Pig.  11  shows  an  exploded  view  of  the  electromechanical  timer  with  the 
mechanical  timer  shown  on  the  right;  the  switch  housing,  center;  and  the 
AN- 3210-1  microsvltch,  left.  The  timer  is  built  around  the  standard  T3  clock, 
which  releases  a  spring-loaded  striker  pin  at  the  end  of  the  preset  time.  The 
pin  strikes  the  actuator  button  on  the  microswitch,  thus  energizing  the 
circuit  and  firing  the  explosive -bolt  blasting  caps. 

The  delay  detonator,  sh,own  in  an  exploded  view  in  fig.  12, 
consists  of  the  main  barrel  which  holds  the  pyrotechnic  delay,  the  booster, 
the  out-of-line  detonator,  and  the  primacord  holder.  The  spring-loaded  pin 
shown  at  the  top  keeps  the  detonator  out  of  line  until  the  nose  separates 
from  the  afterbody.  The  pin,  which  has  been  depressed  by  the  missile  after¬ 
body,  allows  the  detonator  rotor  to  swing  into  line.  The  delay  detonator  is 
energized  at  the  instant  the  timer  switch  closes  and  fires  after  a  &-sec.  delay. 
The  electric  squib  shown  in  fig.  12  was  replaced  later  by  an  electric  match, 
which  performs  more  effectively  through  the  lower  temperature  range. 

A  series  of  tests  was  conducted  on  the  electromechanical  timer 
and  the  delay  detonator  under  normal  surface  conditions  in  the  open.  Ten 
complete  systems  were  tested  using  a  27 -v.  battery  as  the  power  unit.  The 
tlmerB  were  each  set  for  a  specific  time  increment  and  armed  manually.  Timing 
was  accomplished  by  stopwatch  and  appeared  to  be  accurate  within  human  limi¬ 
tations  of  starting  and  stopping  the  watch.  (Timing  of  the  units  was  secondary 
on  these  teats.)  Ali  of  the  delay  detonators  fired  successfully. 

High -altitude,  low-temperature  tests  were  conducted  on  the 
interim  fuze  components  to  establish  their  reliability  under  temperature - 
pressure  conditions  which  could  be  expected  in  the  flight  test  program. 

The  tests  were  performed  at  temperatures  of  -40°  and  -65°F.  in 
a  vacuum  of  23  in.  Hg  using  a  27-v.  battery  as  the  power  source  (see  fig,  13)- 
The  arming  pin  on  the  timer  was  released  by  means  of  a  solenoid,  which 
initiated  the  timing  sequence.  Hie  timer  was  set  for  32.75  cec.,  at  which 
time  the  microswllfch  closed  the  electric-squib  circuit  in  the  delay  detonator. 

An  electric  time  clock  waB  connected  into  the  circuit  and  arranged  so  as  to 
start  when  the  arming  pin  was  pulled  and  to  stop  when  the  microswitch  closed 
the  electric -squib  circuit.  Another  electric  time  clock  was  used  to  measure 
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the  total  period  of  time  from  the  start  of  the  electromechanical  timer  to  the 
time  the  delay  detonator  functioned.  The  differentia],  between  the  two  clocks 
would  then  be  a  measure  of  the  delay  period  in  the  delay  detonator.  The  test, 
arrangement  mounted  in  the  vacuum  chamber  is  shown  in  fig.  l4. 

The  first  test  was  conducted  at  -40°F.  with  the  timer  set  at 
32.75  sec.  Clock  1  stopped  at  32.75  sec.,  but  clock  2  continued  well  beyond 
the  predicted  firing  time  before  power  was  cut  off.  Investigation  showed 
that  the  first-fire  mix  in  the  delay  detonator  was  not  intense  enough'  to 
ignite  the  tetryl  cap  or  primacord.  On  the  second  trial  at  -4q®F.  the 
intensity  of  the  first-fire  nnx  was  increased.  The  timer  was  set  at  32*5  sec., 
which  was  the  reading  obtained  on  clock  1.  Clock  2  stopped  at  38 sec.  for 
a  successful  trial.  The  time  differential  of  5.6  sec.  vs.  4-5  predicted  is 
reasonable  for  experimentally  loaded  units. 

At  -65®F.  the  timer  was  inadvertently  set  at  5»5  see.,  which 
was  the  time  recorded  on  clock  1.  Again  the  first  fire  was  not  intense 
enough  to  ignite  the  tetryl  cap.  The  test  was  rerun  with  a  more  intense 
mix,  with  clock  1  stopping  at  32.5  sec.,  the  preset  time,  and  clock  2  stopping 
at  38:.  1  sec.  Time  did  not  permit  any  further  testing  to  establish  the  degree 
of  reliability,  and  it  was  decided  that  a  calculated  risk  must  be  accepted 
in  order  to  prevent  any  further  delay  in  flight  .eating. 

2.  Support  Equipment. 

a.  Shipping  Container, 

The  matter  of  storing  and  shipping  the  E125  cluster  could  be 
handled  in  one  of  two  ways.  One  method  would  be  to  design  the  cluster 
adapter  in  such  a  manner  that  it  would  serve  as  its  bwn  shipping  container. 
This  would  entail  chiefly  hermetically  sealing  of  the  cluster  adapter  and 
providing  shipping  guards  for  protection  and  ease  of  handling.  Although 
feasible,  this  approach  would  require  such  additional  strength  in  the 
adapter  as  to  make  the  weight  prohibitive.  Beside  the  weight  consideration, 
the  loss  in  payload,  estimated  to  be  approximately  70  E54R6  bombs,  would 
also  be  serious  enough  to  reduce  the  warhead  effectiveness  considerably. 

Based  on  the  experience  gained  in  the  design  of  smaller-size  clusters  (750 
and  1,000  lb.)  incorporating  hermetic  sealing,  development  of  a  positive 
seal  for  a  3,000-lb.  unit  is  felt  to  be  virtually  impossible,  considering 
the  rough  handling  to  which  the  cluster  will  be  subjected  and  also  the 
in-flight  vibrations  transmitted  to  the  cluster  by  the  missile. 

The  practical  approach  is  to  provide  a  shipping  container 
which  has  incorporated  in  its  design  the  characteristics  necessary  to 
insure  safe  storage  and  delivery  of  the  munition.  A  brief  survey  of  the 
work  done  in  the  field  of  packing  and  packaging  revealed  that  the  use  of 
reusable  containers  has  enjoyed  a  considerable  expansion  in  .recent  years. 
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All  manner  of  delicate  instruments  and.  components  have  been  successfully- 
stored  and  shipped  by  all  means  of  transportation  in  containers  utilizing 
shock-isolation  systems.  The  B-6lA  itself  has  a  series  of  seven  shipping 
containers  fDr  the  seven  major  components >  which  provide  hermetic  sealing, 
dhslccants,  and  shock  isolation)  although  these  packaging  requirements  were 
later  reduced  on  all  components  except  on  the  powerplant  and  the  electronic 
shelf . 


A  study  of  the  requirements  for  a  3/100-lb .  cluster  container 
indicated  that  the  problem  assumed  major  aspects  and  could  best  be  accomplished 
by  having  the  work  performed  under  contract  with  a  qualified  private  concern. 
Accordingly,  contract  DA-]  3-108-CML'"5^  09  was  awarded  to  the  Universal  Moulded 
Products  Corporation  foi  the  design  and.  development  of  ten  reusable  shipping 
containers.  The  follow j,ng  characteristics  were  established  by  these 
Laboratories  to  guide  che  development  (5). 

(1)  The  shipping  container  shall  be  capable  of  handling 
by  conventional  materials -handling  equipment,  such  as  forklift  trucks,  cranes, 
hand  or  power  hoists,  etc. 

(2)  The  shipping  container  shall  be  stored  so  that  the 
container  will  always  be  oriented  in  a  horizontal  attitude  and  a  minimum  of 
space  utilized  in  quantity  storage. 

(3)  The  material,  of  construction  for  the  container  Bhall 
be  of  fiberglass-reinforced  polyester  plastic. 

(4)  The  container  shall  be  designed  for  top  loading  with 
a  parting  line  in  a  horizontal  plane  through  the  longitudinal  centerline. 

(5)  The  parting  line  shall  be  sealed  with  a  gasket  or 
gaskets,  manufactured  from  neoprene  or  a  material  of  equal  chemical  resistance. 

(6)  The  shipping  container  shall  be  capable  of  stacking 
and  shall  be  designed  to  support  a  loading  equivalent  to  a  minimum  of  three 
Ally  loaded,  identical  containers. 

(7)  The  hardware  required  for  securing  the  two  halves 
of  the  shipping  container  need  not  be  flush  with  the  external  surface,  but 
should  be  protected  from  damage  in  handling  and  shipping.  The  hardware  shall 
be  designed  so  that  the  container  can  be  opened  or  closed  without  the  use  of 
special  tools.  The  container  hardware  shall  be  capable  of  a  minimum  of  10 
opening  and  closing  cycles  without  appreciable  wear  or  malfunction.  The 
design  shall  be  such  that  replacement  or  maintenance  and/or  operation  of  the 
unit  will  be  held  to  a  minimum.  The  design  shall,  incorporate  features 
facilitating  applicable  maintenance,  service,  and  operation  at  extremely  low 
temperatures  by  personnel  wearing  heavy  gloves  o:r  mittens. 
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(8)  The  plastic  adapter  shall  '  je  mounted  within  the 
container  in  a  suitable  shock-resisting  or  cushioned  cradle,  and  capable  of 
withstanding  the  performance  tests  specified  below  ,  Designs  shall  be 
furnished  for  a  rubber  shock -mounting  system,' a  sj  ri&g^mauhtirjg  'system,  And 
a  rubberized  hair -felt,  fiberglass  cushioning,  oj  ■  similar  materials. 

(9)  Performance  test  of  ship  ping  container  shall  be 

as  follows: 


(a)  Vibration  Test.  1  ilach  container  with  a  loaded 
adapter  in  place  shall  be  capable  of  passing  a  2-hr.  vibration  test  similar 
to  the  ASIM-48T  test.  The  test  Imposes  a  fore*;  of  approximately  1  g  on  the 
specimen.  Stack  one  loaded  shipping  container  on  another,  and  repeat  the 
vibration  test  as  above.. 


(b)  Drop  Test.  One  end  of  the  loaded  shipping 
container,  when  in  its  noimal  position  on  a  concrete  slab,  shall  be  elevated 
to  a  clear  height  of  4  ft.  and  dropped.  This  procedure  shall  be  repeated 
for  the  opposite  end.  Each  end  of  the  loaded  shipping  container  shall  be 
tested  as  per  above  for  a  minimum  of  six  drops.  No  retarding  gear  shall  be 
used  in  the  drops. 

(c)  Compression  Test.  Each  loaded  shipping 
container  shall  be  compression-tested  with  a  minimum  weight  equi-,  alent  to 
three  times  the  weight  of  the  shipping  container  with  the  adapter  in  place. 
Remove  the  loading,  and  repeat  six  times. 

(d)  Static -Pres sure  Test.  Static-pressure-test 
each  container  with  an  internal  air  pressure  of  5  p.s.l.  The  container  shall 
hold  this  pressure  without  loss  for  a  minimum  period  of  24  hr. 

(e)  -65qF.  and  l6o°F.  Temperature  Test.  A  loaded 
shipping  container,  pressurized  at  5  p.s.i.  shall  be  placed  in  each  of  the 
surveillance  chambers  listed  above  for  a  period  of  9  wk*  The  containers 
shall  be  visually  examined  for  any  material  or  structural  failures.  A 
pressure  reading  shall  be  taken  at  periodic  intervals. 

(10!)  A  oheclc.  valve  6hall.be  provided  such  that  a.,aagiple 
of  the  internal  atmosphere  in  the  shipping  container  may  be  drawn  through 
a  glass  tube  which  Is  1-5/8  in.  long  by  5/3 2  in.  in  diameter. 

(11 )  A  compartment  for  desiccant,  complying  with 
Specification  MIL-D-3464,  shall  be  provided  with  a  ready-access  airtight 
door  or  opening  for  replacement  of  desiccant.  The  quantity  of  desiccant 
required  shall  be  calculated  by  the  formula  given  in  Specification  MIL-P-116. 
An  electronic  sensing  device  or  humidity  indicator  shall  be  included  in 
the  design  of  the  container,  ^.located  at  sb  great  a  distance  as  possible 
from  the  desidcant.  The  humidity-sensing  element  should  be  capable  of 
replacement  without  opening  the  container. 
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Design  of  the  shock -Isolation  system  was  created  "by  Container 
Laboratories,  Inc.,  under  subcontract  to  Universal  Moulded  Products.  This 
systm,  as  can  be  seen  in  fig.  15,  consists  of  a  steel  cradle  to  contain  the 
cluster  and  a  series  of  shock  mounts  to  damp  out  the  loads  applied  to  the 
container  itself.  Four  shock  mounts  located  on  the  sides  in  pairs  take  out 
the  longitudinal  loads;  four  located  in  pairs  on  each  end  take  out  the 
lateral  loads;  and  eight  mounts,  .four  at  each  end,  are  designed,  to  relieve 
the  vertical,  loads.  In.  addition,  the  cradle  is  mounted  on  four  skidB  which 
protrude  through  the  container  shell..  Each  skid  is  equipped  with  a  pair  of 
shock  mounts  through  which  all  vertical  loads  are  damped. 

The  container  shell  itself  is  independent  of  the  shock- 
isolation  system  and  serves  chiefly  as  the  airtight  housing  for  the  r luster. 
It  is  only  strong  enough  to  withstand  stacking  loads,  impact  loads,  nd 
fatigue  loads  induced  by  vibration. 

The  cluster  is  lowered  into  the  cradle  by  means  of  the 
cluster-handling  clamp  and  sling,  aB  shown  in  fig.  l6.  The  cluster  secure^ 
in  place  in  the  cradle  can  be  seen  in  figs.  17  and  18. 

b.  Handling  Equipment. 

In  the  course  of  developing  the  various  components  of  the 
chemical  warhead  system,  the  naed  for  special  handling  equipment  became 
evident.  Every  effort  was  made  to  utilize  standard  tools  and  equipment  to 
the  maximum  extent.  However,  some  functions  did  not  lend  themselves  to  the 
use  of  any  standard  Ordnance  equipment.  Three  pieces  of  equipment  were 
designed,  developed,  and  proved  in  field  operations:  (l)  warhead  handling 
sling,  (2)  warhead  loading  stand,  and  (3)  cluster  handling  clamp. 

The  first  of  these,  the  warhead  handling  sling,  was  designed 
by  the  Glenn  L.  Martin  Co.  simultaneously  with  the  design  of  the  nose 
casing.  It  is  used  in  handling  both  unfilled  and,  eventually,  the  .loaded 
fin -stabilized  Warhead,  easing,  as  well  as  both  the  .unfilled  arid 
loaded  nose  casings.  Use  of  this  sling  is  illustrated  in  appendix  A. 

The  warhead  loading  stand,  used  in  assembling  the  nose  iB  a 
tabular  steel  structure  mounted  on  four  legs.  The  E125  cluster  is  .lowered 
onto  the  stand  in  a  vertical  position,  with  the  aft  end  down.  The  nose 
casing  is  then  lowered  over  the  cluster  and  secured  to  the  X-frame  by 
four  bolts  at  the  base  of  the  cluster. 

A  cluster  handling  clamp  was  developed  which  simplified 
the  handling  of  the  El.25  cluster  during  the  various  storage,  shipping, 
and  assembly  operations.  This  clamp  is  a  two-piece  arrangement,  hinged  at 
one  end  of  the  two  segments  and  having  a  latch  to  bring  the  other  two  ends 
together.  The  clamp  is  fitted,  with  two  trunnions  opposed  to  each  other, 
to  which  a  hoisting  sling  can  be  attached.  The  cluster  adapter  is  fitted 
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FIGURE  15 

SHOCK-ISOLATION  MECHANISM  FOR  REUSABLE  SHIPPING  CONTAINER 


UNCLASSIFIED 


UNCLASSIFIED 


UNCLASSIFIED 

48 


E125  3,000-LB.  CLUSTER  BEING  LOWERED  IN  PLACE 
IK  SHOCK-ISOLATIOK  MECHAKISM 
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FIGURE  17 

END  VIEW  OF  EI25  3,000 "IB.  CLUSTER  IN  PLACE  AND  LOCKED 
nr  SHOCK-ISOLATION  MECHANISM 
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SIDE  VXEtf  OF  E12$  3,000-LB.  CLUSTER  IN  PLACE  ARP  D 
HT  SHOCK-ISOLATION  MECHMISM 
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with  two  studs  located  approximately  6  in.  forward  of  the  cluster  center-of- 
gravity  and  diametrically  opposed.  These  two  studs  serve  as  stops  and  also 
locate  the  clamp  in  such  a  way  that  the  center-of -gravity  of  the  cluster  is 
slightly  aft  of  the  center  of  the  trunnions .  This  allows  the  cluster  to  be 
raised  and  rotated  easily  with  only  a  small  degree  of  unbalance,  but  with 
the  cluster  base  always  tending  to  swing  downward  as  desired.  At  the  time 
the  project  was  terminated,  a  tentative  change  had  been  planned  which  would 
provide  a  more  positive  method  of  handling  by  supporting  the  cluster  base  in 
addition  to  the  trunnion  supports.  This  redesign  was  never  accomplished. 

It  was  decided  that  the  handling  clamp  should  be  furnished  with 
each  shipping  container,  since  the  clamp  is  required  at  both  the  assembly  plant 
and  the  warhead  loading  site.  The  clamp  would  be  used  at  the  assembly  plant 
tp  -transfer  the  cluster  toTthe  shipping  container  and  would  remain  in  place 
during  transit.  At  the  loading  site  it  would  only  he  necessary  to  attach  the 
hoisting  sling  to  the  clamp .  When  the  loading  operation  is  completed,  the 
clamp  would  be  stowed  in  the  shipping  container  for  transshipment  hack  to  the 
assembly  plant. 

3 .  Test  Equipment. 

a.  Fin-Stabilized  Warhead. 

In  order  that  a  comprehensive  program  of  dynamic  testing  could 
he  executed,  some  method  of  simulating  the  miSsile  terminal  dive  was  required. 
Since  the  f in-stabdlized  warhead  test  vehicle  was  used  successfully  on  the 
earlier  YSSM-A-1  program,  it  was  decided  that  a  similar  test  vehicle  should 
he  used  in  the  SSM-A.-1  program.  The  Glenn  L.  Martin  Company  made  a  study 
based  on  a  rocket-boosted  vehicle  which  would  exactly  reproduce  the  B-61A 
terminal-dive  ballistic  path  in  terms  of  velocity  and  attitude.  A  concurrent 
study  was  conducted  on  a  free-fall  vehicle  and  compared  with  the  boosted 
version.  Calculations  for  the  rocket-boosted  vehicle  were  based  on  the  use 
of  the  aerojet  T-27  solid-propellant  rocket  delivering  6,000  lb.  of  thrust 
for  7  sec.  Its  total  weight  is  498  lb.;  Its  diameter,  12-9  in.;  and  its 
length,  64-. 25  in.  The  flight  program  called  for  a  free  fall  from  release 
to  20,000  ft.,  at  which  time  the  booster  was  fired.  Results  of  the  study 
indicated  that  SSM-A-1  dives  could  be  duplicated  in  the  altitude  range  of 
44,000  ft.  down  to  32,000  ft.  under;  proper  combinations  of  release  altitude, 
release  velocities,  and  booster  firing  altitudes.  However,  the  concurrent 
study  on  the  free-fall  test  vehicle  showed  that  dive  angles  and  velocities 
could  be  achieved  by  the  time  the  test  vehicle  had  reached  the  range  of 
warhead  opening  altitudes,  i.e.,  from  15,000  ft.  down. 

On  the  basis  of  the  preceding  study  it  was  decided  that  the 
complexity  of  the  rocket-boosted  test  vehicle  was  much  too  great  in  terms 
of  the  slight  gain  in  performance.  A  contract  (DA-l8-108~CML-3462)  was 
awarded  to  the  Glenn  L.  Martin  Co.  for  the  fabrication  of  six  fin-stabilized 
warhead  free-fall  test  vehicles,  whose  performance  was  guaranteed  to 
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duplicate  within  3$  the  performance  of  the  SSM-A-1.  All  design  and 
development  work  required  for  this  project  was  authorized  under  an  existing 
Air  Force  research  and.  development  contract.  This  was  done  to  expedite  -f 
delivery  of  the  final  items  and  to  'take  advantage  of  the  time  required  for 
negotiation  of  the  Chemical  Corps  contract. 

The  nose  section  of  the  test  vehicle  is  identical  with  the 
production  design  and  is  attached  to  the  boattail  afterbody  by  the  four 
explosive  bolts.  The  assembled  vehicle  (fig.  19)  is  3^-7  in°  long,  having  a 
maximum  body  diameter  of  54  in.  and  a  fin  diameter  of  64.125  in.  The  design 
is  of  conventional  aircraft  construction  using  aluminum  alloy  throughout  with 
the  exception  of  the  explosive -bolt  splice  fittings  and  the  drag  pin  hole. 
Design  and  manufacture  of  the  test  vehicle  preceded  the  design  and.  development 
of  the  Tl4o4  fuze  which  resulted  in  the  forced  omission  of  any  provisions 
for  fuze  mounting  and  electrical  installation.  Wiring  was  provided  from  the 
power  receptacle  on  the  center  section  bulkhead  to  the  four  explosive -bolt 
receptacles.  Interim  provisions  for  all  other  electrical  installations  were 
the  responsibility  of  these  Laboratories. 

The  configuration  of  the  test  vehicle  was  coordinated  with 
Consolidated-Vultee  Aircraft  Corp.  to  insure  proper  installation  and  fit  in 
the  bomb  bays  of  the  B-36F  aircraft.  The  limiting  dimensions  of  the  test 
vehicle  by  coincidence  were  very  nearly  identical  with  those  of  the  4-3, OOO-lb. 
GP  bomb,  for  which  racks  were  designed  and  available,  making  the  installation 
in  the  bomb  bay  a  relatively  simple  matter. 

Upon  delivery  to  these  Laboratories  a  modification  program  was 
effected  in  which  two  battery  racks  were  added  to  the  aft  side  of  each  center 
section  bulkhead.  Necessary  electrical  installations  were  made,  and  mounting 
provisions  were  made  for  the  interim  fuze  system. 

The  power  source  selected  for  the  system,  was  a  pair  of  27 -v. 
dec.  dry  cells  manufactured  by  the  Bright  Star  Battery  Co.  All.  components, 
with  the  exception  of  the  explosive  bolts,  were  mounted  in  a  dual  arrange¬ 
ment  with  a  serlesj-perallel  circuit  to  increase  the  probability  of 
functioning. 


b .  Floating  Bomb  Marker. 

Dynamic  testing  in  the  final,  engineering  phase  is  conducted 
primarily  on  the  fin-stabilized,  warheads.  However,  these  Laboratories  felt 
that  recommendations  for  standardization  could,  not  be  made  without  one  or 
more  successful  flights  on  the  B~6lA  missile.  Although  missiles  were 
available  to  support  this  program.,  the  problem  was  one  of  getting  data  from 
the  test  on  a  water  target.  To  overcome,  this  obstacle  a  program  was  initiated 
to  develop  a  modified  E54r6  bomb  which  would,  leave  a  visual  reference  point 
on  the  surface  of  the  water. 
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Two  methods  of  marking  the  surface  of  the  water  were  considered: 
(1)  "by  fluorescein  dye  marker  and  (2)  by  an  inflatable  marker .  Past  experience 
with  dye  markers  proved  their  feasibility  but  the  dye  was  n6t  'easily  reproducible 
by  photography .  Also,  it  was  doubtful  whether  the  dye  mark  would  be  able  to 
resist  the  effects  of  wind  and  waves  on  an  ocean  target.  The  third  drawback 
was  the  overlapping  of  marks  when  the  bombs  impacted  close  together.  On  the 
strength  of  this  past  knowledge  it  was  decided  that  the  inflatable  marker 
should  be  investigated  first. 

Preliminary  work  was  directed  at  photographing  various  size 
markers  through  an  altitude  range  of  5 >000  to  20,000  ft.  A  plastic  marker 
6  ft.  in  diameter  set  adrift  in  the  Gunpowder  River  was  photographed  from 
a  B-17  equipped  with  a  Fairchild  K-17  camera.  The  B-17  made  four  passes 
over  the  marker  at  5*000,  10,000,  15,000,  ,and  20,000  ft.  The  marker  was  not 
visible  on  the  film  at  15,000  and  20,000  ft.,  Just  sarely  visible  at  10,000  ft., 
and  fairly  obvious  at  5,000  ft.  The  enlarged  image  was  clearly  defined  at 
5,000  ft. 

Development  of  the  modified  munition  proceeded  from  this  point, 
beginning  with  packaging  of  the  marker.  The  space  available  for  the  marker 
was  approximately  the  space  available  for  agent  plus  the  space  taken  up  by 
the  burster.  The  marker  which  was  finally  selected  was  4-ft.  square  of 
latex-coated  nylon  with  an  inflatable  edge  2  in.  in  diameter.  Inflating 
valves  which  were  identical  with  those  used  on  inflatable  life  vests  were 
attached  on  each  of  two  opposed  corners.  This  can  be  seen  in  fig.  20,  which 
shows  the  marker  inflated.  The  marker  was  packed  in  such  a  manner  that  the 
valve  stems  and  CO2  cartridge  holders  were  located  at  the  rear  of  the  munition. 
This  complete  assembly  was  packed  around  a  spool  which  fitted  snugly  inside 
the  munition  casing. 

The  E24R1  fuze  was  modified  by  drilling  and  tapping  its  base 
to  receive  the  marker  rod  which  passes  longitudinally  through  the  marker 
spool .  The  detonator  was  retained  in  the  fuze  to  provide  the  energy  necessary 
to  eject  the  marker. 

The  bomb  casing  was  cut  into  two  halves,  and  an  inner  liner 
was  spot-welded  on  to  act  as  the  retainer  for  the  casing  halves  when  the 
munition  was  assembled. 

The  modified  munition  functions  as  follows:  (l)  Upon  release 
of  the  munition  from  the  cluster,  the  delay  functions  and  releases  the 
parachute  as  in  a  normal  E54r6  munition;  (2)  upon  impact  the  striker  pin 
fires  the  detonator,  which,  in  turn,  shears  the  threads  in  the  tapped  hole 
and  releases  the  marker  package;  (3)  simultaneously,  the  sudden  acceleration 
of  the  package  punctures  the  C0g  cartridges  and  starts  inflating  the  marker; 

(4)  all  extraneous  parts  fall  away  and  sink.,  leaving  .the  marker  fully 
inflated  on  the  surface.  Fig.  21  shows  the  Internal  stowage  of  the  components. 
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Limited  tests  conducted  on  the  modified  munition  indicated  a 
practical  solution,  requiring  only  minor  revisions  to  complete  the  development. • 
The  cancellation  directive  prevented  any  further  effort  on  this  subtask,  and 
the  program  vas  halted  before  its  worth  could  he  fully  established. 

1.  Arming  and  Monitoring. 

The  capability  of  the  MATADOR  to  carry  a  series  of  warheads 
which,  in  general,  have  nothing  in  common,  posed  the  problem  of  providing  a 
single  warhead  arming  and  monitoring  system  which  would  satisfy  the  requirements 
of  all  warheads. 

At  a  meeting  of  the  MATADOR  Warhead  Coordinating  Group  on  6-7 
February  1952  at  the  Air  Force  Missile  Test  Center,  this  problem  was  discussed 
jointly  for  the  first  time  (6) .  As  a  result,  two  basic  premises  were  establish¬ 
ed  to  guide  the  development  of  the  system:  (l)  The  warhead  should  be  armed 
whenever  the  missile  is  over  enemy  territory  and  unarmed  when  over  friendly 
territory;  and  (2)  once  armed,  the  missile  cannot  return  to  friendly  territory. 
Also,  the  terms  "bomb  arming  signal"  and  "electrical  arming  Bignal"  were 
accepted  and  defined  as  follows: 

"a.  Bomb  arming  signal:  The  signal  which  removes  the 
'safe'  features  of  the  warhead  so  that  it  will  detonate  on  receipt 
of  a  ’fire1  signal  (electrical  or  otherwise). 

"b.  Electrical  arming  signal:  The  signal  which  makes  a 
fuze  ready  for  action.  In  the  child-type  warhead,  the  signal  will 
activate  the  separation  timing  function." 

The  time  at  which  the  warhead  should  be  electrically  armed  was  determined  to 
be  at  the  initiation  of  the  terminal  dive  of  the  missile  and  then  only  after 
a  bomb  arming  Bignal  has  been  received. 

Complicating  the  problem  is  the  utilization  of  either  the 
MSQ-1  guidance  system  (microwave  command  control)  or  the  Shanicle  guidance 
system  (microwave  hyperbolic  navigation  system)  or  a  combination  of  the  two 
to  bring  the  missile  over  the  target.  A  third  flight  condition  exists  where 
the  missile  is  guided  to  the  Shanicle  hyperbolic  grid  by  means  of  a  dead¬ 
reckoning  system  independent  of  the  MSQ-1.  The  application  of  these  systems 
results  in  a  total  of  four  flight  conditions  and  a  variation  of  the  arming 
method  for  each. 
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Summarized,  they  are  (7>  8) : 


Guidance  system 

Arming  method 

(a)  MSQ-1  to  target 

(a) 

Warhead  armed  on  receipt  of 

MSQ-1  bomb  arming  signal. 

(b)  MSQ-1  to  Shanicle. 
in  enemy  territory 

Changeover 

Warhead  armed  on  receipt  of 

MSQ-1  bomb  'arming  signal. 

(c)  MSQ-1  to  Shanicle. 
in  friendly  territory 

Changeover 

<e) 

MSQ-1  arming  signal  given  prior 
to  changeover  starts  an  arming 
timer.  Upon  expiration  of  a 
preset  delay,  after  which  miBsile 
is  assumed  to  be  over  enemy 
territory,  warhead  is  armed 
automatically . 

(d)  Dead  reckoning  to  Shanicle 

(4) 

Warhead  is  automatically  armed 
after  a  preset  time  delay, 
following  the  attainment  of  a 
predetermined  missile  velocity . 

Returning  to  the  two  basic  premises  established  at  the  warhead 
meeting,  it  can  be  seen  that  the  facts  presented  by  the  first  are  obvious  . 
During  the  initial  phase  of*  the  flight  the  miBB He  may  cover  as  much  as 
440  ml.  within  friendly  territory  (guidance  limitB  the  range  of  the  missile 
within  enemy  territory  to  approximately  250  mi) .  Over  this  range  the  missile 
must  be  unarmed  in  the  event  of  a  malfunction,  which  would  cause  the  flight 
to  be  terminated  prematurely.  After  crossing  into  enemy  territory,  it  is 
equally  desirable  to  have  the  missile  armed  as  soon  thereafter  as  is  possible 
bo  that  the  warhead  would  inflict  as  much  damage  as  possible  in  the  event  the 
missile  was  unable  to  reach  the  target.  Depending  on  the  method  of  guidance 
employed  for  a  given  flight,  the  accuracy  with  which  the  point  of  crossover 
into. enemy  territory  can  be  ascertained  ranges  from  500  ft.  for  "MSQ-1  to 
target"  to  37  mi.  for  "dead  reckoning  to  Shanicle." 

The  flight  path  of  an  armed  missile  must  be  limited  to  insure 
that  the  missile  cannot  return  to  friendly  territory  due  to  loss  of  control, 
enemy  countermeasures,  or  for  any  other  reason.  This  insurance  is  accomplish¬ 
ed  by  the  directional  gyro  coupled  with  the  he  a  ding -.error  switch  and  by  the 
turn-rate  limiter,  whose  function  1b  to  provide  an  automatic  dump  signal  in 
the  event  the  heading  limits  or  turn-rate-  limits  are  exceeded.  A  schematic 
diagram  of  the  arming  and  monitoring  systems  is  also  shown  in  fig.  22. 
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B *  Flight  Tests . 

The  ultimate  objective  of  all  of  the  work  accomplished  up  to 
this  point  was  the  dynamic  testing  of  the  warhead.  As  mentioned  previously 
the  fin-stabilized  warhead  casing  was  designed  and  produced  as  a  vehicle 
suitable  for  testing  the  complete  warhead  configuration. 

1.  Establishment  of  the  Test  Program. 

As  originally  conceived,  the  dynamic  test  program  was  divided 
into  two  phases,  (l)  development  testing  and  (2)  final  engineering  testing. 

Phase  I  was  to  be  accomplished  by  use  of  the  fin-stabilized  warhead  test 
vehicle;  phase  II  called  for  eight  flights  on  B-61A  missiles.  It  became 
apparent  that  phase  II  would  probably  run  into  several  conflicts  in  the  way 
of  schedules,  test  facilities,  etc.,  with  the  missile  program,  because  of  the 
higher-priority  special  warhead  program  and  also  because  of  the  objectives 
of  the  missile  test  program  as  a  whole.  This  problem  was  discussed  at  meetings 
of  the  MATADOR  Warhead  Advisory  Group  and  resulted  In  a  joint  decision  to 
continue  with  the  use  of  the  fin-stabilized  warhead  casings  in  phase  II. 

However,  it  was  also  made  clear  by  the  representative  of  the  Chemical  Corps 
that  such  a  program  could  not  lead  to  standardization  of  the  warhead  and  its 
components  without  a  minimum  number  of  flights  on  the  B-61A  missile .  It  was 
then  agreed  that  three  missile  flights  would  be  scheduled  as  acceptance  teBts 
unless  the  requirements  for  the  missile  flight  tests  were  waived,  in  which 
case  the  Air  Force  would  authorize  standardization  on  the  basis'  of  the 
fin-stabilized  warhead  tests  alone. 

As  a  result  of  the  above  decisions  Air  Materiel  Command 
contracted  with  the  Glenn  L.  Martin  Company  to  manufacture  and  deliver  to 
the  Chemical  Corps  2k  additional  fin-stabilized  warhead  casings,  8  of  which 
were  to  be  used  for  phase  II  on  this  project  and  the  remainder"  to  be  ’used  .bn  the 
other  chemical  warhead  projects  for  the  MATADOR. 

A  test  procedure  was  prepared  (see  appendix  A)  establishing 
test  conditions  and  the  handling  and  loading  procedure.  A  resume  of  l&e  data 
to  be  obtained  is  as  follows: 

1.  Aircraft  altitude 

2.  Aircraft  velocity 

3 •  Aircraft  azimuth 

4 .  Release  altitude 

5 .  Warhead- separation  altitude 

6 .  CLueter-openIng  altitude 
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7.  Time  from  release  to  warhead  separation 

8.  Time  from  warhead  separation  to  cluster  opening 

9.  Aircraft  position  data  at  time  of  release  with  reference  to 
"Tarzon"  target  or  N.A.A.  tower 

10.  Missile  position  data  at  time  of  warhead  separation  with 
reference  to  "Tarzon"  target  or  N.A.A.  tower 

11.  Warhead  position  data  at  time  of  cluster  opening  with  reference 
to  "Tarzon" target  or  N.A.A.  tower 

12.  Wind  and  temperature  data  aloft  to  release  altitude 

13.  Bomb  pattern 

From  these  collected  data  it  was  expected  that  a  realistic 
evaluation  of  the  warhead  system  could  be  made .  Under  phase  I  it  was  expected 
that  all  mechanical  and  electromechanical  and  handling  difficulties  could  be 
resolved  within  the  space  of  the  six  vehicle b  assigned.  Phase  II  would  have 
as  its  prime  purpose  the  evaluation  of  warhead  effectiveness,  effect  of  opening 
altitude  on  pattern,  effect  of  winds  aloft  on  aimability,  and  effect  of  de¬ 
layed  opening  of  warhead  on  pattern. 

Arrangements  were  completed  through  Wright  Air  Development 
Center  for  the  use  of  facilities  and  aircraft  at  Walker  Air  Force  Base,  New 
Mexico,  and  Holloman  Air  Development  Center,  New  Mexico;  and  also  support  as 
required  from  Air  Force  Armament  Center,  Florida,  and  Wright  Air  Development 
Center . 


Air  Force  planning  and  scheduling  required  an  interim  stockpile 
of  an  undetermined  number  of  Eo  warheads,  and  Air  Research  and  Development 
Command  agreed  to  classify  the  first  six  flight  tests  as  Air  Force  phhse  VI 
testing  as  defined  by  AFR  80~l4  dated  11  September  1951"  These  were  the  warheads 
used  In  phase  I,  described  below.  The  production  stockpile  was  to  be  determined 
at  the  completion  of  the  evaluation  of  the  over-all  program.  The  phase  VI 
classification  also  established  the  Air  Force  Armament  Center  as  the  agency 
having  prime  responsibility  for  the  conduct  of  the  tests .  The  Chemical  Corps 
was  responsible  for  supplying  all  equipment  and  personnel  required.  The  program 
was  a  joint  effort  in  which  all  agencies  contributed  where  best  fitted  and, 
for  the  sake  pf  expediency,  performed  functions  which  were  not  necessarily 
responsibilities  of  that  particular  agency. 

2 .  Execution  of  Phase  I. 

a.  Tests  of  FSW  87A-2  and  FSW  QlA-5 ■ 

Two  E125  clusters  were  assembled  with  3°6  E54R6  bombs  each 
having  simulant  fill,  sand-filled  bursters,  and  E24R1  fuzes  with  live  primers. 
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Some  difficulty  was  encountered  in  latching  the  adapter  halves,  due  to  the 
size  of  the  cork  liners  used  and  to  the  roughness  of  the  interior  surface  of 
these  adapters,  which  were  among  the  first  units  delivered* 

At  the  same  time,  two  fin-stabilized  warhead  casings  were 
modified  to  incorporate  battery  racks,  delay  detonator  holders,  timer 
brackets,  and  the  necessary  electrical  work  to  provide  the  proper  circuitry* 
On  these  two  units  the  timers  were  mounted  on  the  center-section  access  door 
for  accessibility. 

Plans  were  made  to  test  these  two  fin-stabilized  warheads, 
8'7A-2  and  87A-5,  on  3  June  1953,  and  the  materiel,  was  shipped  to  Walker  Air 
Force  Base  for  assembly. 

During  the  assembly  of  FSW  87 A- 5  two  of  the  explosive  bolts 
Inadvertently  detonated,  rupturing  the  bolts  and  rendering  the  casing 
temporarily  useless.  Analysis  of  the  incident  indicated  that  the  detonation 
probably  resulted  from  deviation  from  the  prescribed  procedure.  At  the  time 
of  holt  detonation  the  batteries  had  been  plugged  in,  so  that  insulation 
could  he  applied  over  the  entire  battery.  This  was  a  field  modification  and 
was  not  included  in  the  assembly  procedure,  with  the  re cult  that  the 
operational  sequence  was  disrupted*  The  timer  microBwitch  waB  not  connected 
at  the  time  of  the  incident,  and  the  bare  leads  were  left  dangling  inside 
the  center  section.  Detonation  occurred  shortly  after  two  blasting  caps  had 
been  prematurely  installed  and  plugged  in.  While  the  exact  cause  of  the 
detonation  is  not  definitely  known,  it  is  believed  that  the  bare  microsvitch 
leads  became  grounded  to  the  missile  structure,  thus  completing  the  circuit. 

FSW  87A-2,  which  had  previously  been  completely  assembled 
without  incident,  was  undergoing  final  checks  prior  to  loading  in  the 
aircraft.  The  center  section  door  was  being  removed  in  order  to  set 
the  timers  and  install  the  arming  wires,  when  all  four  holts  detonated* 
Again,  the  exact  cause  of  premature  detonation  could  not  be  established, 
but  Indications  are  that  contact  was  somehow  made  across  the  exposed 
microsvitch  terminals,  either  by  static  or  by  grounding  across  the  framing 
at  the  bottom  of  the  door  opening.  The  technician  who  removed  the  door  was 
shocked  and  temporarily  deafened  by  the  explosion  and  could  not  clearly 
remember  precisely  what  had  been  done  at  the  instant  of  detonation.  Wo 
further  attempt  was  made  to  conduct  the  tests  until  the  entire  system  could 
be  reviewed  and  modified.  The  two  fin-stabilized  warhead  casings  were  not 
damaged  and  required  only  minor  rework  to  the  nose  casing  bolt  .fitting. 

The  complete  electrical  system  was  studied  by  the  Glenn  L. 
Martin  Co.  and  redesigned  (see  fig.  23)  to  incorporate  certain  safety 
features  to  insure  that  radiofrequency  and  static  charges  would  not  cause 
detonation.  A  15-ohm,  10-v.  resistor  was  incorporated  on  the  positive 
side  of  each  electric  blasting  cap  and  delay  detonator,  and  a  master 


CONFIDENTIAL 


WIRING  DIAGRAM  FOR  B-6lA  FIN-STABILIZED  Wj 


CONFIDENTIAL 


switch,  grounded  in  the  open  position,  was  put  in  the  circuit.  In  addition, 
the  timer  microswitch  was  inclosed  in  an  insulated  housing,  and  the  complete 
assembly  was  mounted  on.  the  frame  adjacent  to  the  access  door  instead  of  on 
the  door  itself  (fig.  24).  All  wiring  was  sheathed  in  plastic  conduit  and 
shielded  against  moisture  (fig.  25).  As  a  final  precaution,  the  interiors 
of  the  missiles  were  vacuumed  to  remove  manufacturing  debris  (metal  chips  and 
shavings) . 


Attention  was  next  turned  to  the  cold-temperature  behavior 
of  the  battery.  One  Bright  Star  battery  selected  at  random  was  stored  at 
-40°F.  for  24  hr.  Readings  were  taken  every  15  min.  for  8  hr.  and  a  final 
reading  at  the  end  of  24  hr.,  whereupon  the  battery  was  removed  from  cold 
storage,  and  readings  were  taken  every  15  min.  Just  prior  to  storage  the 
battery  voltage  was  25*6  at  75°F.  No  change  was  recorded  until  the  end  of 
the  fifth  hour,  when  the  reading  showed  25. 3  v.  At  8  hr.  the  reading  was 
24.4  v.  ;  at  24  hr.,  down  to  1.0  v.  After  removal  from  cold  storage  the 
voltage  was  restored  to  the  original  reading  of  25.6  v.  in  1.5  hr.  This 
test  was  not  conclusive  in  that  the  battery  was  in  a  "no-load"  state.  The 
same  type  battery  f unctioned  consistently  in  high -altitude -low-temperature 
tests  of  the  timer  and  the  delay  detonator  in  which  the  temperatures  were 
lowered  to  -40°  and  -65°F.  at  a  pressure  of  23  in.  Hg.  These  tests  gave 
a  better  indication  of  the  capacity  of  the  battery. 

The  Glenn  L.  Martin  Co.  meanwhile  set  up  breadboard  models 
of  the  system  and  determined  the  rate  of  discharge  of  the  batteries  when 
the  circuit  was  closed.  Results  of  this  survey  indicated  complete  discharge 
of  the  batteries  in  less  than  1  sec .  Because  of  doubts  as  to  the  ability 
of  the  battery  to  deliver  at  its  rated  capacity,  It  was  decided  to  Investigate 
other  types  which  could  sustain  a  load  over  longer  intervals.  It  was  found 
that  no  other  dry  cells  matched  the  Bright  Star  in  performance;  any  suitable 
wet  cell  was  extremely  costly,  requiring  special  handling  and  charging,  which 
it  was  felt  would  be  difficult  if  not  impossible  to  provide  in  the  field. 

The  final  step  in  refining  and  improving  the  operation  was 
the  rewriting  of  the  procedure  manual,  which  ultimately  resulted  in  the 
form  given  in  appendix  A.  A  copy  of  the  rewritten  manual  was  submitted 
to  the  field  test  engineers  at  the  Glenn  L.  Martin  Co.  for  comment  and 
recommendations  and  was  approved  in  its  original  form. 

b.  Test  of  FSW  87A-3. 

Upon  completion  of  the  investigation  and  redesign  of  the 
electrical  system,  plans  were  made  to  continue  with  the  test  program. 

FSW' 87A-3  and  FSW  87A-6  modifications  were  completed  and  both  test  vehicles 
were  shipped  to  Walker  Air  Force  Base  for  tests  on  7  October  1953  (9)* 
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Of  the  two  clusters,  which  had  remained  in  outside  storage  at 
Walker  Air  Force  Ease  (see  p.6 2),  one  was  found  to  contain  enough  water  to 
almost  certainly  damage  most  of' the  bombs  in  the  lower  half  and  was  conse-  . 
quently  abandoned.  Tie  second  cluster  appeared  to  be  dry  and  unharmed  by  the 
period  of  external  storage  and  was  installed  in  the  nose  of  FSW  87A-3.  The 
procedure  manual  was  followed,  in  detail  in  this  operation,  and  all  safety 
and  operational  checks  were  satisfactorily  completed. 

The  conditions  of  test  were  as  planned  originally:  release 
altitude,  35,000  ft.  above  mean  sea  level;  release  velocity,  350  m.p.h.  true 
air  speed;  separation  altitude,  10,000  ft.  above  target.. 

The  missipn  was  carried  out  as  planned,  but  the  warhead 
failed  to  separate  from  the  afterbody,  and  the  mission  resulted  in  an  intact 
impact.  Subsequent  excavation  work  at  the  impact  site  failed  to  yield  any 
clue  as  to  the  cquse  of  failure .  Excavation  and  screening  were  seriously 
hampered  by  the  terrain,  which  prevented  thet  use  of  suitable  earth-moving 
equipment.  The  movies  taken  from  the  Mitchejll  cameras  shoved  definite  smoke 
puffs  at  the  separation  altitude,  which  indicated  that  one  or  more  explosive 
bolts  had  detonated.  FSW  87A-6  was  carried  over  to  the  next  test,  with 
FSW  87A-4. 

c.  Test  of  FSW  87A-6  and  FSW  87A-4. 

In  the  absence  of  any  definite  evidence  of  the  cause  of 
failure,  there  was  no  single  component  that  could  be  pointed  to  with  any 
certainty  as  the  source  of  malfunction,  and  no  changes  could  be  effected 
for  the  next  tests.  The  Glenn  L.  Martin  Co.  proposed  that  telemetering 
equipment  be  Installed  on  the  next  FSW  to  furnish  data  on  the  functioning 
of  the  components .  This  was  to  be  a  field  installation  accomplished  by 
Martin  personnel.  This  proposal  was  approved  by  the  Air  Force;  and  in 
December  1953  two  additional  units,  FSW  87A-6  and  FSW  87A-4,  were  assembled 
at  Walker  Air  Force  Base  (10,  11).  Martin  personnel  made  the  telemetering 
installation  in  FSW  87A-6  with  pickups  at  key  points  to  measure  voltages  at 
the  explosive  bolts  and  delay  detonators  and  to  indicate  whether  or  not  the 
bolts  sheared. 

Representatives  of  Diamond  Ordnance  Fuze  Laboratories  were 
also  on  hand  to  conduct  performance  tests  on  the  Tl4o4  fuze.  One  Tl4o4 
fuze  with  recorders  was  mounted  in  each  of  FSW  87A-4  and  FSW  87A-6.  These 
installations  were  independent  of  the  main  fuzing  system  and  were  primarily 
intended  to  subject  the  fuze  to  conditions  which  could  normally  be  expected 
in  operational  use.  Fig.  26  shows  the  fuze  compartment  with'  thfe  access 
door  removed.  The  electrical  receptacles  can  be  seen  on  either  side  of  the 
detonator  holes.  In  fig.  27  the  Tl4o4  fuze  is  shown  mounted  in  its  bracket. 
The  internal  arrangement  is  shown  in  figs.  28  and  29,  with  the  battery  pack 
mounted  on  top  of  the  fuze  bracket  on  the  left.  The  disk  recorder  is  the 
cylindrical  unit  next  to  the  battery  pack. 
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FIGURE  26 

EXTERNAL  VIEW  OF  Tl4o4  FUZE  MOUNTING  BRACKET  WITH  ACCESS  DOOR  REMOVED 


FIGURE  27 


TlliQli  FUi-iD  INSTALLATION  IN  NOSE  SECTION 


UNCLASSIFIED 

<'.0 


UNCLASSIFIED 


FIGURE:  29 

T1>I0>I  MOUNTING  BRACKET  SHOWING  ACTUATING  SWITCH  INSTALLATION  AT  LEFT 
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During  the  preflight  procedure  for  the  B-36  aircraft,  a  fire 
of  undetermined  origin  in  the  nose  of  FSW  87A-6  was  reported  by  the  crew 
chief .  It  was  quickly  determined  that  an  electrical  fire  had  started  somewhere 
in  the  telemetering  installation  after  aircraft  power  to  the  telemetering  com¬ 
ponents  had  been  turned  on.  All  switches  were  turned  off,  and  the  mission  was 
flown  minus  telemetering. 

Both  fin-stabilized  warheads  were  released  on  15  December  1953 
under  the  same  conditions  as  for  FSW  87 A- 3 •  FSW  87A-4  was  released  first  and 
appeared  to  function  satisfactorily.  FSW  87A-6  was  released  on  the  second 
run  but  failed  to  function,  and  an  intact  impact  resulted.  Recovery  of  the 
parts  of  the  nose  of  FSW  87A-4  revealed  that  the  nose  breakup  was  not  caused 
by  the  detonation  of  the  primacord.  The  nose  casing  had  separated  mainly 
along  the  horizontal  skin  splices,  with  lateral  breaks  occurring  on  the  upper 
half.  Segments  of  primacord  were  still  in  place  in  the  nose,  although  one  of 
two  delay  detonators  had  fired.  A  study  of  the  Askania  film  indicated  normal  •• 
separation  at' the  proper  time  but  that  the  warhead  immediately  had  flipped  up 
and  over,  with  breakup  complete  in  approximately  0.2  sec.  From  this  it  was  <■" 
obvious  that  the  primacord  did  not  break  up  the  nose.  What  caused  this  premature 
breakup  aouBd  not  be  determined,  although  several  theories  which  had  some  merit 
were  advanced.  These  Laboratories  felt  that  the  ram  pressure  exerted  against 
the  internal  surfaces  of  the  nose,  after  it  had  flipped  over,  exceeded  the  design 
limits  of  the  nose  casing  and  caused  it  to  fail.  On  the  other  hand,  the  Martin 
people  felt  that  the  design  was  sound  and  that  the  stress  analyses  for  these 
flight  attitudes  showed  a  margin  of  safety  sufficient  to  prevent  this  type  of 
breakup . 


The  type  of  failure  noted  in  the  remains  of  the  nose  casing 
tends  to  bear  out  the  theory  of  ram  pressure,  as  can  be  seen  in  fig.  30; 
where  the  24ST  splice  frame  tore  away  from  the  rlvetB  in  a  direction  along 
the  longitudinal  axis .  In  figs .  31  and  32  can  be  seen  the  failure  in  shear 
of  the  rivets  along  the  longitudinal  splices,  which  is  the  type  of  failure 
that  could  be  expected  from  a  breakup  caused  by  ram  pressure.  Fig.  33 
shows  all  of  the  recovered  parts  reassembled  to  give  a  graphic  picture  of 
the  over -all  breakup . 

Proof  of  bolt  separation  was  readily  obtainable  from  the  tail 
assembly  (figs.  34  and  35);  which  showed  clean,  normal  rupturing  of  all  four 
bolts.  Examination  of  the  timers  (fig..  36)  showed  that  both  had  functioned 
normally  and  that  the  microswitches  had  been  closed. 

The  Tl4o4  fuze  was  recovered  intact  from  FSW  87A-4.  The 
disk  recorder  showed  that  one  side  of  the  fuze  armed  in  29  sea.  and  the 
other  in  30  sec.  The  record  also  showed  that  each  detonator  circuit  operated 
4  sec.  after  arming.  The  discrepancy  in  the  arming  time  was  attributed  to 
a  slight  misadjustment  of  the  T3  clock  movement.  The  Tl4o4  fuze  mounted  in 
FSW  87A-6  was  totally  destroyed  so  that  no  record  could  be  obtained. 
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F5W  87A-4  NOSE  CORE  SHOWING  TYPE  OF  FAILURE  INDICATING  TEAR-OICT  OF  RIVETS 
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FIGURE  31 

CLOSEUP  OF  LOWER  HALF  OF  FSW  87A-4  NOSE  SECTION 
SHOWING  UNSEVERED  PRIMACORD  SPLICE 
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LOWER  HALF  OF  FSW  8lA-k  NOSE  SECTION  SHOWING  UNSEVERED  PRIMACOKD  SPLICE 


REASSEMBLED  PARTS  OF  FSW  87A-4  NOSE  SECTION 


FIGURE  33 

FSW  87A-4  CENTER  SECTION  BULKHEAD  AFTER  IMPACT 
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Remains  of  FSW  87A-6  could  not  be  immediately  recovered,  and 
further  efforts  were  postponed  temporarily.  There  was  reason  to  believe  that 
the  failure  was  caused  by  at  least  one  defective  jack  plug  in  the  explosive- 
bolt  fittings .  During  assembly  and  checkout  of  the  two  fin-stabilized  war- 
heads,  it  was  necesjsary  to  replace  six  defective  jack  plugs;  of  the  two 
remaining  plugs,  continuity  on  one  was  difficult  to  obtain  on  several  checks. 
Continuity  appeared  to  be  established  at  last,  and  final  checks  were  com¬ 
pleted  prior  to  the  flight  test. 

The  cluster  which  was  released  by  FSW  87A-4  opened  and 
dispersed  223  of  the  15^6  munitions,  leaving  83  behind  in  the  one  cluster 
adapter  half.  Of  the  2l6  munitions  which  were  recovered,  198  or  91 *7$ 
functioned  normally.  As  to  those  which  failed  to  disperse,  there  is  no 
way  of  knowing  whether  this  failure  was  a  result  of  the  premature  opening 
or  was  due  to  an  inherent  flaw  in  the  system. 

The  Martin  representatives  believed  that  the  failure  to 
separate  was  caused  by  an  area  of  negative  pressure  over  the  forward  face 
of  the  center  section  bulkhead.  To  overcome  this,  a  pitot  tube  was  mounted 
on  the  crown  of  the  nose  to  introduce  ram  air  internally  and  create  a 
positive  pressure  on  the  bulkhead.  In  addition,  seals  were  applied  at  the 
splice  station  and  the  trunnion  fittings  to  prevent  the  loss  of  the  pressure. 
With  this  modification  it  was  believed  that  the  separation  problem  would  be 
solved  and,  also,  that  the  premature  breakup,  which  Martin  personnel  believed 
was  a  result  of  structural  damage  caused  when  the  nose  flipped  over,  would 
not  recur. 


The  problem  of  partial  dispersion  of  the  munitions  had  been 
anticipated  from  the  start,  and  a  relatively  simple  solution  was  apparent 
from  the  high-speed  movie  taken  of  the  static  tests  of  the  nose  casing. 

These  movies  showed  that  the  nose  was  cut  cleanly  and  that  the  two  halves 
had  separated  with  considerable  force.  It  was  felt  that  this  force  'CjpuItL.be 
utilized  to  insure  positive  separation  by  simply  tying  the  adapter  half  to 
the  nose  casing.  When  the  partial  results  of  FSW  87A-I+  test  were  obtained, 
it  was  decided  that  this  change  should  be  incorporated  for  the  next  tests. 
This  was  done  by  adding  four  clevises  to  each  adapter  half,  one  clevis  in 
each  corner  near  the  parting  line.  From  these  clevises  cables  were 
extended  in  pairs  from  the  forward  end  of  the  adapter  half,  through  a  cable 
clamp  mounted  on  the  trunnion  fitting,  and  thence  aft  to  the  clevises  on 
the  aft  end  of  the  adapter. 

The  changes  described  were  scheduled  for  incorporation  op 
FSW  87A-2  and  FSW  8?A-|5,  which  had  previously  been  reworked  after  the 
premature  bolt-firing  incident.  During  this  period  a  meeting  was  held  at 
Wright  Air  Development  Center  on  8  January  1954,  in  which  the  Air  Force 
requested  the  Glenn  L.  Martin  Co.  to  submit  a  cost  estimate  and  a  proposed 
program  for  conducting  the  fin-stabilized  warhead  tests .  The  purpose  of 
this  request  was  to  provide  proper  support  to  the  Chemical  Corps  and  to 
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place  responsibility  for  the  performance  of  the  fin-stabilized  test  vehicle 
with  the  Martin  Company  in  the  same  way  that  the  Martin  Co.  had  responsibility 
for  the  performance  of  the  B-61A  missile.  Essentially,  the  Chemical  Corps 
would  furnish  all  Government  equipment  and  clusters  for  which  the  Corps  would 
normally  be  responsible.  The  Martin  Co.  would  have  responsibility  for  all 
other  materiel  and  would  also  modify,  assemble,  install,  and  otherwise  get 
the  fin-stabilized  warhead  ready  for  test  up  to  the  point  of  takeoff  of  the 
carrier  aircraft.  After  the  test,  Chemical  Corps  personnel  would  be  respons¬ 
ible  for  evaluating  the  pattern  and  the  individual  munition. 

d.  Test  of  FSW  87A-2  and  FSW  8?A-5. 

To  facilitate  the  program,  the  Air  Force  gave  the  Martin  Co.  a 
letter  of  intent  enabling  the  company  to  begin  operations  immediately.  Martin 
personnel  proposed  that  both  FSW  87A-2  and  FSW  87A-5  be  fully  telemetered. 

The  two  nose  casings  were  shipped  to  Holloman  Air  Development  Center  from 
Walker  Air  Force  Base  to  effect  the  necessary  changes  and  installations .  The 
reworked  noses  were  reshipped  to  Walker  Air  Force  Base  and  assembled  to  the 
afterbodies.  On  these  the  cables  which  tied  the  adapter  halves  to  the  nose 
casing  were  also  incorporated  (12). 

During  the  rework  period  at  Holloman  ADC  the  remains  of  FSW  87A-6 
were  excavated  (figs.  37  and  38)  and  sifted  carefully  for  the  vital  components. 
All  of  the  bolt  fittings  were  recovered,  three  showing  normal  functioning  and 
the  fourth  Intact  with  the  blasting  cap  still  in  place.  This  fitting  is 
shown  in  fig.  39  as  it  was  found.  This  seemed  to  be  the  evidence  needed  to 
prove  that  the  jack  plug  connection  in  the  fitting  was  unreliable.  On  the 
strength  of  thiB  find,  the  Jack  plugs  were  t&ken  out  and  terminal  Btrlps 
were  installed  in  their  place.  This  would  insure  positive  connections  and 
would  also  permit  checkouts  to  be  made  which  removed  all  doubt  as  to  its 
reliability. 


In  view  of  the  fact  that  one  of  two  delay  detonators 
Installed  on  FSW  87A-4  had  failed,  it  was  decided  to  abandon  this  installa¬ 
tion  in  favor  of  commercial  delay  electric  blasting  caps  with  proved 
reliability.  The  sum  of  these  changes  covered  all  of  the  possible  sources 
of  error,  and  it  was  felt  that  chances  for  a  successful  test  were  excellent. 

The  assembly  of  FSW  87A-2  and  FSW  87A-5  was  routine;  all 
preflight  checks  were  satisfactorily  accomplished.  The  telemetry  was 
installed  by  Martin  personnel  and  again,  preflight  checks  were  satisfactory. 
Tl^O^  fuzes  were  also  installed  in  these  two  misBiles  in  a  manner  identical 
with  that  used  on  FSW  QjA-b  and  FSW  87A-6. 

FSW  87A-2  was  transported  to  the  aircraft  and  hoisted  into 
position  in  the  forward  bomb  bay.  Some  difficulty  was  encountered  in 
aligning  the  vehicle  to  bring  the  drag-pin  hole  into  position  with  the  drag 
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FIGURE  37 


REMAINS  OF  FSW  87 A- 6  AFTER  EXCAVATION 


FIGURE  38 

GENERAL  VIEW  OF  EXCAVATION  REQUIRED  TO  RECOVER  INTACT 
FSW  87 A- 6  EXPLOSIVE-BOLT  FITTING 
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EXPLOSIVE  -BOLT  FHTHJG  FROM  ESW  87A-6  WITH  UNSEVERED  BOLT  PJ  PLACE 
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pin.  Before  the  bomb  rack  slings  could  be  attached  around  the  vehicle,  a 
short  cable  link  between  the  C-10  hoist  hook  and  the  triangular  ring  in  the 
canvas  hoist  sling  failed,  due  to  fatigue.  The  vehicle  i’ell  approximately 
7  ft.  to  the  ramp,  causing  extensive  damage  to  the  skin  and  all  frames  in 
the  nose  plus  the  first  two  frames  in. the  center  section.  The  two  lover  fins 
also  were  crushed,  and  the  upper  left  fin  suffered  punctures  in  collision 
with  the  structure  in  the  aft  section  of  the  bomb  bay.  Views  of  tfyfLs  damage 
are  shown  in  figs.  40  through  4-5. 

The  cluster  suffered  no  external  damage  and  was  eventually 
returned  to  these  Laboratories  for  disassembly.  None  of  the  adapter 
components  showed  any  effect  from  the  fall,  and  the  E54R6  munitions  were 
still  safe  and  undamaged.  The  Tl4o4  fuze  was  also  removed  in  a  safe  and 
serviceable  condition. 

Loading  of  FSW  87A-5  was  delayed,  pending  a  revision  and 
acceptance  of  the  loading  procedure.  The  equipment  was  reexamined,  and 
modifications  were  made  which  provided  positive  connections  at  all  points  in 
the  hoisting  equipment.  This  modification  was  acceptable  to  personnel  of  the 
6th  Bomb  Wing  for  a  single  operation  only  in  order  that  the  mission  could  be 
performed.  FSW  87A-5  was  then  installed  in  the  aircraft  with  no  further 
incident. 

The  missile  was  launched  from  an  altitude  of  35,4-99  ft.  with 
a  velocity  of  490  f.p.s.  on  a  true  heading  of  253° ■  Release  was  normal,  and 
warhead  separation  occurred  at  35 -90  sec .  Opening  of  the  warhead  was  also 
normal,  and  recovery  was  effected  approximately  1,600  ft.  beyond  the  target 
on  the  same  heading.  Of  306  unit  munitions,  298  were  recovered  for  a 
percentage  of  97.4$,  while  performance  of  the  munitions  was  exceptionally 
good  with  &80  functioning  normally  for  a  factor  of  94$.  The  pattern  was 
nearly  circular,  covering  a  total  area  of  approximately  89,000  sq.yd.,  a 
portion  of  which  can  be  seen  in  figs .  46  and  47 . 

The  Tl4o4  fuze  was  recovered  with  its  recorder,  both  intact 
and  undamaged.  The  recorder  indicated  a  29-1/2-sec.  arming. time  for  one  side 
of  the  fuze  and  30  sec.  for  the  other.  The  detonator  circuit  on  one  side  was 
closed  in  34  sec.,  while  on  the  other  side  there  was  no  indication  of  the 
operation  of  the  detonator  circuit.  The  malfunction  was  traced  to  a  de¬ 
fective  contact  in  the  rotor  circuit,  which  was  to  be  corrected  on  all  future 
models . 

The  telemetering  functioned  perfectly  throughout  and  provided 
the  desired  information.  An  evaluation  of  these  data,  particularly  the 
pressure  data  on  both  sides  of  the  center  section,  was  prepared  by  the  Glenn 
L.  Martin  Co.,  but  the  data  have  not  yet  been  forwarded  to  these  Laboratories. 
Consequently,  no  conclusions  can  be  drawn  as  to  the  merits  of  incorporating 
the  pitot  tube  and  the  various  seals  in  the  nose  section. 
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FIGURE  1+1 


TAIL  ASSEMBLY  OF  FSW  87A-2  SHOWING  DAMAGED  FINS 


FIGURE  1+2 

VIEW  OF  DAMAGED  WARHEAD  FROM  FSW  8'7A-2  SHOWING  CLUSTER  IN  PLACE  INTACT 
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FIGURE  4,3 

NOSE  CAGING  FROM  FSW  87A-2  SHOWING  EXTENSIVE  DAMAGE  TO  ALL  FRAMES 
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FIGURE  4-4 

FSW  87 A -2  TAIL  ASSEMBLY  SHOWING  DAMAGED  FINS 


FIGURE  45 

DAMAGED  CENTER  SECTION  OF  FSW  87A-2 
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FIGURE  46 

TAIt*  ASSMBLY  OF  FSW  87A-5  AFTER  IMPACT  SHOWING  E54r6  MUNITIONS  IN  TARGET  AREA 


FIGURE  47 

VnW  OF  TARGET  AREA  SHOWING  E^4r6  MUNITIONS  DISPERSED  FROM  FSW  87A-5 
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Results  of  this  test  seemed  to  bear  out  the  wisdom  of  the 
modifications  performed,  and  no  particiilar  difficulty  was  anticipated  for 
the  remainder  of  the  test  program.  Normal  opening  of  the  nose  by  the 
primacord  system  is  illustrated  by  figs.  48  and  49- 

As  mentioned  before,  for  the  sake  of  expediency  the  modified 
loading  equipment  was  approved  only  for  the  one  operation.  An  entirely  new 
system  was  required  for  future  operations  which  would  comply  with  the  ground 
safety  rules  of  Strategic  Air  Command.  The  simplest  and  quickest  method  of 
developing  a  new  loading  procedure  was  planned  around  an  obsolete  bomb-loading 
pit  located  on  the  ramp  at  Walker  Air  Force  Bfse.  An  adapter  cradle  was 
designed  and  fabricated  which' would  seat  and  lock  on  the  bed  of  the  hydraulic 
lift  and  also  would  physically  tie  the  missile  to  the  cradle.  This  arrange¬ 
ment  satisfied  the  personnel  of  the  6th  Bomb  Wing,  and  plans  were  made  to  go 
ahead  with  the  test  program. 

e.  Tests  of  FSW  87A-1  and  FSW  87A-7* 

FSW  87A-I  and  FSW  87A-7  were  modlfed  to  incorporate  all  of  the 
changes  successfully  tried  on  FSW  87A-5 »  FSW  87A-7  was  taken  from  the  final 
engineering  phase  of  the  program  to  replace  FSW  8jA~2,  which  was  surveyed  as 
unusable.  Only  one  additional  change  was  incorporated  in  thiB  test,  and  that 
was  the  inclusion  of  an  additional  safety  switch  in  the  nose  which,  when  open, 
grounded  the  delay  electric  blasting  caps  which  detonate  the  primacord.  This 
addition  insured  complete  safety  during  the  assembly  of  the  nose.  After  the 
attachment  of  the  nose  to  the  center  section,  the  safety  wire  was  removed 
and  the  blasting  cap  was  then  grounded  by  the  master  switch  in  the  center 
section.  This  circuit  is  illustrated  in  fig.  23  and  represents  the  ultimate 
in  safety  without  any  sacrifice  of  reliability. 

FSW  87A-7  and  FSW  87A-I  were  released  under  weather  conditions 
which  rendered  the  Askania  cameras  useless.  The  decisipn  was  made  to  go 
ahead  with  the  test  in  spite  of  the  weather  because  of  the  prospect  of  an 
indefinite  delay  and  also  because  these  two  vehicles  represented  the  last 
drops  to  be  made,  in  view  of  the  fact  that  the  Air  Force  directive  canceled 
any  further  effort  on  the  program. 

FSW  87A-7  was  set  to  function  5>000  ft.  above  the  target,  and 
separation  of  the  warhead  was  normal.  However,  opening  of  the  nose  apparently 
was  accomplished  in  the  same  manner  as  for  FSW  87A-4.  Separation  of  the  nose 
could  be  seen  from  the  observation  point,  and  an  explosion,  such  as  would  be 
expected  from  primacord,  was  heard.  Nevertheless,  the  remains  showed  no  indi¬ 
cation  of  severance  by  primacord;  in  fact,  large  segments  of  primacord  were 
found  with  the  nose  fragments  (figs.  50  and  5l)» 

The  tumbling  motion  of  the  nose  apparently  caused  the  tie¬ 
down  cables  to  fail  before  they  could  separate  the  adapter  halves,  with  the 


CONFIDENTIAL 


FIGURE  b9 

VIEW  OF  FSW  87A-5  NOSE  CONE  SEVERED  BY  PRIMACORP 
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FIGURE  50 

PORTIONS  OF  FSW  87A-7  NOSE  CAGING  SHOWING  UNDETONATED  PRIMACORD 


FIGURE  51 

FSW  87A-7  NOSE  CONE  AND  PORTION  OF  CROWN  SHOWING  UNDETONATED  PRIMACORI) 
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result  that  90 "bombs  cajqe  down  inside  of  one  adapter  half  (fig.  52).  Of 
those  which  did  leave  the  adapter,  184  were  recovered,  and  153  of  these 
functioned  normally .  It  is  believed  that  the  bulk  of  those  still  missing  were 
burled  below  the  point  where  the  adapter  half  impacted. 

FSW  STA-1  was  timed  to  open  at  10,000  ft.  above  the  target, 
and  separation  was  again  normal.  As  before,  an  explosion  could  be  heard  from 
the  prlmacord  detonation.  In  this  Instance,  the  nose  pieces  indicated  that 
opening  of  the  warhead  was  normal  (fig.  53)>  and  ejection  of  the  munitions 
occurred  as  planned.  A  recovery  of  296  munitions  was  effected,  with  246  of 
the  total  functioning  normally.  An  excessive  number  of  fuze  failures  and 
failure  of  parachutes  to  unfurl  was  counted  in  the  total.  Reason  for  these 
failures  was  not  determined. 

These  last  two  tests  concluded  the  entire  program  for  develop¬ 
ment  of  chemical  warheads  for  the  MATADOR  missile,  since  the  Air  Force 
directive  canceled  all  future  effort  for  the  MATADOR. 

Because  of  the  advanced  state  of  development  of  the  shipping 
container,  the  Air  Force  agreed  to  permit  continuation  of  its  development 
within  the  limits  of  the  funds  on  hand. 

Permission  was  also  granted  by  the  Air  Force  to  procure  a 
quantity  of  Tl4o4  fuzes  to  be  used  in  conjunction  with  the  unexpended 
fin-stabilized  warheads.  These  warheads  have  been  slated  for  use  in  the 
basic  project  for  investigation  of  new  munitions  and  methods  for  dispersing 
these  munitions. 

V.  DISCUSSION. 

A  project  of  such  scope  as  the  chemical  warhead  for  the  MATADOR 
requires  considerable  thought  and  planning  at  its  inception  and  sufficient 
time  for  its  proper  execution.  This  was  not  entirely  possible  in  this  case, 
as  by  the  time  that  the  MATADOR  had  progressed  from  the  prototype  stage 
(YB-61)  to  the  B-6.1A  production  version,  the  enrp.ha sis  had  been  concentrated 
on  the  urgency  of  delivering  a  complete  weapons  system  in  the  shortest 
possible  time. 


The  transition  from  the  '2B“6l  nose  casing  had  only  minor  effects 
on  the  development  of  other  types  of  warheads  since  the  original  packages 
required  few  physical  changes  and  could  be  carried  equally  well  by  the  B-61A. 
This  was  not  the  case  with  the  chemical  warheads  where  the  redesign  of  the 
nose  casing  rendered  all  prior  chemical  warhead  work  obsolete.  In  addition 
to  beginning  anew  on  the  actual  chemical  warhead,  a  complete  new  set  of 
supporting  equipment  waB  required,  including  a  new  fuzing  system.  All  of 
this  imposed  a  heavy  burden  at  a  thne  when  the  local  supporting  facilities 
were  heavily  •“tSfted  becHiwe  of  the  national  emergency  in  Korea.  Consequently 
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FIGURE  53 

PORTION  OF  LEFT  SIDE  OF  FSW  87A-1  HOSE  CASING  SHOWING  PROPER  CUTTING  BY  PRIMACORD 
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much  of  the  work  was  of  necessity  placed  on  a  contract  basis.  This  again 
consumed  valuable  time  while  facilities  were  being  investigated  and  bids 
were  being  considered. 

On  the  whole,  the  warhead  program  progressed  smoothly  and 
fairly  rapidly,  mainly  because  much  of  the  design  work  was  effectively 
coordinated  with  the  various  agencies  so  that  the  designs  could  be  frozen 
at  an  early  stage.  This  was  also  true  of  the  TlAO^  fuze  developed  by 
Diamond  Ordnance  Fuze  Laboratory.  Although  much  time  was  lost  before 
Diamond  Ordnance  Fuze  Laboratory  was  called  in,  progress  from  that  time  on 
was  rapid  and  very  satisfactory. 

The  E.5^  cluster  adapter,  while  it  is  sufficiently  strong 
could  still  be  modified  to  reduce  the  gross  weight  with  no  critical  Iobs 
of  strength.  The  working  parts  of  the  latching  mechanism  could  alBo  he 
improved  to  provide  a  positive  lock  in  either  the  open  or  closed  position 
without  the  necessity  for  extremely  close  tolerances  on  the  components . 

The  liner  problem  was  never  completely  solved,  but  the  material  selected 
for  use  through  the  test  phase  appeared  to  he  satisfactory  on  a  short-term 
basis.  A  more  thorough  investigation  might  have  shown  undesirable  qualities 
under  various  storage  conditions  or  possibly  imcompatibility  with  agents  and 
materials  of  construction. 

As  noted  earlier,  the  Tl^Ok  fuze  was  completely  in  the 
hands  of  Diamond  Ordnance  Fuze  Laboratories,  and  no  attempt  will  he  made 
here  to  evaluate  the  fuze  beyond  the  results  already  reported  by  DOFL, 
except  to  note  that  the  fuze  complied  with  the  military  characteristics  in 
so  far  as  the  development  testing  had  progressed. 

The  B-61A  nose  casing,  which  was  designed  for  the  chemical 
warheads,  was  demonstrated  to  be  feasible  and  could,  with  minor  changes,  be 
considered  a  satisfactory  interim  system  for  carrying  and  dispersing  the 
unit  munitions  in  the  warhead.  The  B-6.1A,  up  to  this  time,  is  the  only 
missile  in  which  specific  provisions  have  been  made  for  carrying  chemical 
warheads  and  the  design  work  on  the  nose  was  accomplished  with  no  other  con¬ 
sideration.  The  design  and  development  of  the  nose  offers  a  good  example 
of  the  quality  which  can  he  achieved  when  the  missile  contractor  and  the 
warhead  agency  work  together  on  even  terms  with  a  high- degree  of  coordi¬ 
nation  and  cooperation  and,  equally  Important,  with  the  complete  approval 
and  cooperation  of  the  USAF  Project  Office. 

The  development  of  the  arming  and  monitoring  system  further 
demonstrated  the  effect  of  full  participation  and  coordination  of  the 
various  developing  agencies  having  a  working  interest  in  the  MATADOR.  The 
system  as  it  now  stands  is  capable  of  fulfilling  all  requirements  for  the 
several  warheads  and,  in  addition,  meets  all  specifications  for  ground 
safety,  reliability,  and  in-flight  safety.  From  a  production  standpoint 
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the  system  also  complies  with  the  missile  philosophy  of  simplification,  since 
the  individual  requirements  for  specific  warheads  were  incorporated  into  one 
integrated  system,  rather  than  supplied,  as  a  group  of  individual  systems,  only 
one  of  which  would  be  applicable  to  any  given  flight. 

Squadron  support  equipment  is  still  another  example  of 
integration.  Wherever  a  common  need  was  noted,  the  equipment  was  designed  to 
accommodate  readily  those  components  having  similar  requirements.  The 
warhead  trailer  is  a  case  in  point,  where  the  design  of  the  trailer  was 
originally  directed  only  toward,  carrying  the  nuclear  warhead,  but  in 
subsequent  coordination  and.  redesign  the  trailer  was  readily  adapted  to  any 
of  the  six  warheads  with  little  change  from  the  original  version. 

The  over-all  system  which  eventually  evolved  could  be 
considered  a  good  workable  system,  but  wide  open  for  improvement  -  Because 
of  the  time  limitation  no  elaboration  of  the  present  system  was  possible, 
nor  was  it  possible  to  Investigate  other  principles  and  methods  which 
might  have  resulted  in  a  much  more  effective  warhead.  As  early  as  6  mo. 
after  the  development  began,  the  Air  Force  emphasized  the  urgency  of  the 
program  and  requested  that  any  feasible  design  be  frozen.  In  other  words 
these  Laboratories  were  not  to  strive  for  maximum  dispersion  of  the  unit 
munitions  (13) .  This  Immediately  limited  the  effort  and  resulted  in  the 
present  system  which  indicates  that  the  toxic  coverage  attainable  is,,  on 
the  order  of  50$  of  the  theoretical  coverage  based  on  the  accepted  and 
rather  severe  criteria  in  effect  at  the  time. 

The  study  was  valuable  in  emphasizing  the  restrictions  placed 
on  any  warhead  system  by  an  inflexible  target  and  contamination  dosage 
criterion.  No  distinction  was  made  in.  the  mission  of  the  missiles,  e.g. 
tactical  or  strategic,  nor  was  there  any  consideration  for  the  proximity 
of  the  target  to  the  main  line  of  resistance.  It  is  now  an  established 
fact  that  the  dosage  required  to  cause  either  death  or  Incapacitation  varies 
directly  with  the  physical  and  mental  condition  of  personnel  subject  to 
htthckyby  A' toxic  warhead.  This,  in  turn,  is  related  to  the  type  of  activity 
in  which  an  individual  is  engaged,  ranging  from  troops  under  the  stress  of 
combat  to  more  or  less  complacent  wprkers  located  at  great  distances  from 
zones  of  combat.  The  conditions  for  attack  are  further  affected  by  the  high 
degree  of  readiness  in  combat  areas,  ranging  down  to  a  low  order  of  discipline 
among  civilian  populations  instilled  with  a  sense  of  security  brought  on  by 
their  remoteness  from  the  areas  of  conflict.  Thus,  the  effectiveness  of  any 
toxic  warhead  cannot  be  measured  against  one  fixed  standard.  All  of  the 
factors  mentioned  and  more  must  be  considered  to  arrive  at  a  realistic 
measure  of  the  value  of  the  warhead. 

The  fin-stabilized  test  vehicle  which  was  developed  for  uBe 
in  the  test  program  in  lieu  of  .B-6lA  missiles  is  an  excellent  method  for 
testing  warhead  systems  at  speeds  below  Mach  1.  The  data  obtained  from  the 
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free -flight  tests  confirmed,  the  reproducibility  of  the  trajectory  and. 
velocities  within  very  narrow  limits..  The  .low  cost  of  producing  the 
vehicles  and  simplicity  of  supporting  equipment  are  also  factors  of 
considerable  importance  .  .Finally,  the  use  of  such  a  vehicle  offers 
considerable  freedom,  of  movement  in  planning  and  executing  a  test- 
program  0 


Without  exception,  the  programming  of  warhead  tests  in 
conjunction  with  a  complete  guided,  missile  restricts  the  test  program  to 
the  missile  test  .facility,  which,  is  not  always  suitable  for  warhead  testing., 
If  the  warhead  test  program  can  he  separated,  from  the  missile  test  program, 
schedul.es  may  be  established,  which  can  keep  pace  with  warhead  development 
and  not  be  affected  by  missile  schedules  or  delays  in  executing  the 
scheduled  flights .  Conversely,  the  missile  test  program  will  not  then  be 
delayed  because  of  any  slippage  .in  the  warhead  program <>  Furthermore,  the 
choice  of  .facilities  for  assembly,  storage,  and  flight  testing  would  be 
greatly  expanded  by  this  separation  of  warhead  and  missile  during  the  test 
phases . 


The  data  obtained  from  the  series  of  f in-stabilized,  warhead 
tests  are  considered  to  be  representative  of  results  which  would  be  obtained 
from  flights  on  B-61A  missiles.  This  opinion  is  based  solely  on  theoretical 
performance  calculations  for  the  missile,  but  missile  performance  up  to  the 
dump  point  has  so  far  proved  the  accuracy  of  the  calculations  »  From  the 
dump  point  to  the  target  the  data  for  the  missile  are  not  very  informative 
due,  primarily,  to  the  tendency  of  the  missile  to  break  up  somewhere  along 
the  terminal  dive  path.  Again,  from  the  evidence,  data  based,  on  theoretical 
missile  performance  in  the  terminal  dive,  the  fin-stabilized  warhead 
functioned  within  the  design  value  of  3#  error. 

Some  of  the  modifications  made  to  insure  warhead  separation 
from  the  fla~stabllized.  afterbody  are  peculiar  to  the  test  vehicle  because 
of  its  symmetrical,  shape  and  would  not  be  required  for  the  missile  version. 
It  has  already  been  shown  that  the  sudden  shift  in  the  center  of  gravity  of 
the  missile  afterbody  at  the  moment  of  bolt  detonation  causes  a  rapid  stall, 
which  insures  warhead,  separation  and  also  prevents  interference  of  the 
afterbody  with,  the  unit  munitions . 

Range  Instrumentation,  at  .Holloman.  ADC  also  played,  a  vital 
part  .in  the  results  of  the  test  program.  The  excellent  Askanip  coverage 
provided  data  which  gave  a  full  picture  of  the  drops ,  either  from  time  of 
release  to  warhead,  separation,  or  to  the  target  area  in  the  case  of  those 
which  failed  to  function.  The  Askania  coverage  on  the  last;  two  drops  was 
canceled  because  of  unfavorable  meteorological,  conditions  at  dr-op  time. 
However,  the  tests  would,  not  have  been  conducted,  without  Askania  coverage  if 
the  project  had  had  any  possibility  of  continuing.  As  It  was,  it  was  felt 
that  enough  data  had  been  obtained  .from  prior  drops  to  prove  the  reproduc¬ 
ibility  of  the;  trajectory .  The,  velocity  and  position  data  available 
immediately  from  the  radar  plotting  boards  would  provide  reasonably  complete 
inf  ormation .. 
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One  matter  which  should  he  investigated  is  the  problem  of 
determining  the  exact  moment  of  release  from  the  carrier  aircraft  or, 
even  more  precisely,  the  moment  at  which  the  timerB  are  actuated.  Zero 
time  on  the  tests  was  usually  an  anbltlSEy  point,  selected  by  examination 
of  the  processed  Askanla  film,  and  there  web  no  possible  way  of  pinpointing 
the  ejxact  moment  of  release.  One  method  of  establishing  zero  time  would 
be  to  utilize  a  very  high  candlepower  light  source,  which  would  light  up 
at  the  moment  the  timers  are  actuated.  Another  possiblity  would  be  to 
utilize  radar  bombing  in  conjunction  with  a  continuous  time -tone  signal 
which  cuts  off  at  the  moment  of  release .  The  latter  method  is  not  as  exact 
as  the  former,  because  it  provides  data  on  the  moment  of  release  only  and 
not  on  the  moment  at  which  the  timers  are  actuated. 

Prom  data  recorded  in  appendix  G,  it  would  appear  at  first 
glance  that  the  bomb  pattern  is  not  reproducible,  but  further  examination 
shows  that  the  patterns  for  FSW  87A-I  and  FSW  87A-5  are  nearly  identical. 
Appendix  D  shows  that  the  conditions  of  flight  for  these  two  warheads  were 
also  very  similar.  Moreover,  the  two  warheads  performed  at  opening  as 
planned,  thus  indicating  that  performance  may  be  duplicated. 

For  FSW  87A-4  and  FSW  87A-7,  the  variation  in  results  can  be 
attributed  to  two  factors.  In  the  first  place,  each  of  these  two  warheadB 
opened  premhturely  after  separation  from  the  afterbody  and  caused  the 
individual  munitions  (those  that  did  come  out)  to  trail  out  of  the  adapter . 
Secondly,  FSW  87A-7  had  190  lb.  of  ballast  in  the  cluster  which  was  not 
included  in  FSW  87 A- 4.  This  additional  weight  increased  the  velocity  at 
opening  and  also  a  greater  dive  angle  at  the  time  of  opening.  It  is  believed 
that  these  variations  from  a  normal  opening  were  enough  to  alter  the  patterns 
as  shown  in  appendix  G. 

Thus,  it  would  appear  that  an  efficient  opening  system  places 
a  penalty  on  the  size  of  pattern  which  can  be  obtained.  The  obvious  answer 
is  to  work  backward  from  this  point  and,  while  retaining  the  efficient 
opening,  attempt  to  increase  the  time  interval  over  which  the  individual 
munitions  are  released.  Only  in  this  way  can  an  effective  area  coverage  be 
achieved;  but,  even  with  this,  it  can  be  assumed  that  the  pattern  will  be 
characteristically  long  and  narrow. 

Referring  to  the  area  coverage  of  FSW  87A-1,  for  example,  an 
increase  of  50#  in  the  pattern  radius  would  be  necessary  to  achieve  the 
desired  area  coverage.  How  this  can  be  accomplished  with  the  existing  system 
is  not  known,  nor  does  it  now  appear  to  be  possible.  If,  on  the  other  hand, 
the  elliptical  pattern  is  considered,  it  would  require  no  more  than  a  19# 
increase  along  the  major  axis  to  achieve  the  desired  area  coverage,  basing 
this  conclusion  on  the  performance  of  FSW  87A-4. 
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It  would  seem  then  that  the  slow  release  of  the  munitions  for 
an  elliptical  pattern  would  he  the  easiest  way  to  bring  the  system  up  to  at 
least  its  minimum  capability,  that  is,  the  coverage  resulting  from  a  Gaussian 
distribution. 

VI.  CONCLUSIONS . 

1.  A  complete  gaB  warhead  system  for  the  B-61A  missile  has  been 
designed  and  partially  tested.  However,  indications  are  that  the  toxic 
coverage  attained  falls  short  by  approximately  of  the  potential 
capability  of  a  warhead  of  this  design. 

2.  A  new  approach  to  the  problem  incorporating  some  type  of 
dispersion  mechanism  or  a  new  self -dispersing  munition  would  be  necessary 
to  achieve  a  better  coverage  of  the  target  with  agent. 

3-  The  large  errors  which  exiBt  in  the  terminal  dive  phase  of 
the  B-61A  missile  at  the  present  time  make  it  questionable  whether  any 
reasonable  degree  of  accuracy  can  be  achieved  utilizing  the  E54r6  bomblet. 

VII.  RECOMMENDATIONS. 


None,  since  the  project  has  been  canceled,  and  no  further 
effort  will  be  applied. 
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APPENDIX  A 

FREE-FLIGHT  TEST  PROCEDURE,  B-6JLA  FIN-STABILIZED  WARHEAD* 

The  target  used  is  shown  in  fig.  54-  In  fig.  55  'the 
fin-stabilized  warhead  is  shown  as  it  left  the  aircraft. 

I.  Test  Conditions 


A. 

Aircraft: 

B-36F 

B. 

Target: 

Tarzon  (Holloman  ADC) 

C. 

Release  altitude : 

35,000  ft.  (MSL) 

D. 

True  air  speed: 

350  m.p.h. 

**E. 

Fuze  setting: 

1 .  Warhead  separation 

2 .  Cluster  release 

F. 

Direction  of  drop: 

240°  Magnetic  (WSW) 
253°  True 

G* 

Range  bombing  system: 

Radar  guidance 

H. 

Special  instructions: 

Unless  verbally  changed:  Guide  the  drop  aircraft  in  a 
left-hand  pattern,  final  heading  240°  magnetic.  Execute  drop  point  will  be 
17,070  ft.  short  of  Tarzon  target.  Count-down  will  be  given  over  VHF  to 
aircraft  at  one-minute  intervals  through  X-2  minutes,  then  9°,  60,  45,  30, 
20,  15,  10,  9,  8,  7,  6,  5,  4,  3,  2,  1  second  drop.  Aircraft  call  sign: 

"Red  Dog". 


I.  Communications  r 

1.  Intercom:  All  stations  listed  on  main  intercom 

Baker  11  on  monitor  (if  manned) 

2.  VHF:  150.66  me.  primary  at  X-ray-1  and  King-1 

149.22  me.  secondary  at  Queen-1.  Tunable  receiver 
standing  by  on  monitor  amplifier  at  King-1 


*  This  appendix  is  a  copy  of  a  manual  prepared  for  uBe  with  the  B-6lA 
fin-stabilized  warhead. 

**Subject  to  variations  based  on  data  from  previous  test. 
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FIGURE  5b 

VIEW  OF  TARZON  TARGET  FROM  35,000  FT. 
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FIGURE  55 

FALL-AWAY  OF  FSW  87A-3  FROM  B-36F  AIRCRAFT 
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II.  Instrumentation 


A. 


B, 


C. 


D. 


Askantaa : 

Servo -tracked  camera.: 
Hand-panned  cameras : 
Radar : 

1.  Plotting  board: 


4  Stations  (B  &  W-5  f.p.s.) 

1  Station  (B  &  W-72  f.p.s.) 

2  Stations  (C  &  ,B  &  W-l 6  f.p.s,  &  72  fvp.s.) 
X-ray-1  X-ray-2 

Single  Pen  Double  Pen 


III.  Data. 


A. 

Date  of  test: 

B. 

Time  of  test: 

C. 

Aircraft  type  and  number: 

D. 

Aircraft  altitude: 

E. 

Aircraft  velocity: 

F. 

Aircraft  azimuth: 

G. 

Release  altitude: 

H. 

Warhead  separation  altitude: 

I. 

Cluster  opening  altitude: 

J. 

Time  from  release  to  warhead  separation: 

K. 

Time  from  warhead  separation  to  cluster  opening: 

L. 

Aircraft  position  data  at  time  of  release  with  reference 

to  "Tarzon 

target  or  N.A.A.  tower: 

M. 

Missile  position  data  at  time  of  warhead  separation  with 

reference 

to  "Tarzon"  target  or  N.A.A,  tower: 

N. 

Warhead  position  data  at  time  of  cluster  opening  with  reference  to 

"Tarzon"  target  or  N.A.A.  tower; 

0. 

Wind  and  temperature  data  aloft  to  release  altitude: 
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P.  Bomb  Pattern: 

1 .  No „  flat  landers : 

2.  No.  without  parachutes: 

3-  No.  fuze  malfunctions: 

.4.  No.  delay  failures: 

5.  Cause  of  delay  failures: 

6.  Photography  as  deemed  necessary  (stills): 

Q.  Target  reference  to  bomb  pattern  survey  station: 

IV.  Handling  and  Loading  Procedure 

A.  Bill  of  material: 

1 •  Fin-stabilized  warhead: 

a.  87-2000000  Warhead  assembly,  complete,  fin-stabilized 

warhead 

(1)  87-2000001  Nose  section  assembly,  complete 

(2)  87-2000003  Center  section,  fin-stabilized,  warhead 

(3)  87-2000004  Aft  section  assembly,  fin-stabilized 

warhead 

(4)  87-2000005  X-frame  assembly,  nose  bomb  support 

(5)  87-2000033  Hoist  lug 

(6)  87-2000034  Explosive  bolt 

(7)  §7-e0O0Ql8  Special  bolt 
2.  Cluster,  E125: 

a.  Cluster,  noflpGrsistent  gas  bomb,  3000-1$). i  E125,  in 
shipping  container  (l)* 

■^Indicates  number  of  items-. 
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3*  Fuze: 

a.  B423-2-51 0  Guided  missile  timer  assembly  (2) 

4  •  Power t . 

a.  18-10P  Battery,  27  v . ,  Bright  Star  (2) 

b.  Ifil-765  Battery  rack  (2) 

c.  Safety  switch  (Micro  switch  no.  BZ-2RM) .  (2) 

5«  Explosive  Devices ; 

a.  E&L'BaBmt  U.S.  Corps  of  Engineers  elec,  blasting  cap 

b.  No.  2  delay  electric  blasting  cap  (2) 

c.  Primacord,  double  strength,  35  ft. 

d.  Arming  Wire,  w/Fahnestock  clip  and  Bwitch,  15  ft.  (3) 

e.  Safety  wire,  w/Fahnestock  clip  and  swivel,  3  ft.  (3) 
6.  Handling  equipment: 

a.  87 -2000041  Sling  assembly  -  f in-Btabilized  warhead 

(1)  87 “2000041  Trunnion  fittings  (2) 

(2)  258E958O-IO9  Plate  (2) 

(3)  A623  "Pip"  pin  (2) 

b.  DEI -799  Warhead  loading  stand  (l) 

c.  Eei-852  Cluster  handling  clamp 

d.  A4*'15  Sling,  wire,  canvas,  climax,  15  ft.  (2) 

e.  Crane,  heavy  equipment,  mobile 

f.  Joyce -Cridland  "Materialift" 

g.  "Materialift"  adapter  cradle 

h.  M-5  Bomb  trailer 

i.  Bomb  racks,  43,000-lb. 
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7 -  Check-out  Equipment: 

a .  Blasting  galvanometer 

b .  0  to  50-v .  d-c  o  Voltmeter 
8.  Miscellaneous  tools: 

a.  No.  1  Phillips  screwdriver  (2) 

b.  No.  2  Phillips  screwdriver  (2) 

c.  FP-22  Phillips  bit  no.  2,  "Snap -oh"  3/8-in.  drive  (1) 

d.  K-4  speed  handle,  "Snap-on"  3/Q-in.  drive  (l) 

e.  St-012  Phillips  offset  screwdriver,  "Snap-on"  no.  1  &  2  bits 

f .  Standard  blade  screwdrivers.,  small  and  medium  (2) 

g.  SR600-1  torque  wrench,  Armstrong  Armalloy,  l/2-in.  drive, 

Or 600  in. -lb.  cap.  (l) 

h.  Socket,  5/ 8-in .,  w/l/2-in.  drive  (2) 

i.  Socket,  3/4-in.,  w/l/2-in.  drive  (2) 

J.  Pliers,  diagonal,  side-cutting  (2) 

k.  Hammer,  claw,  bell  face,  l6-0z .  (2) 
i.  Wrench,  box,  Y/B-ln.  x  15/l6-in.  (2) 

m.  Wrench,  box,  9/l6-ln.  x  !?/8-in.  (2) 

n.  Wrench,  crescent,  10-in.  (l) 

o.  Drill,  hand,  l/4-in.  capacity  (l) 

p.  Drill,  twist,  no.  41  (>3) 

q.  Drill,  twist,  no.  30  (3) 

r.  Drill,  twist,  ho.  21  {'3) 

s.  Drill,  twist,  no.  12  (3) 

t.  Drill,  twist,  no.  F  (3) 


i\ 


Appendix  A 


UNCLASSIFIED 

105 


1 


UNCLASSIFIED 


u.  Knife  (,l) 

v.  Tape,  pressure-sensitive,  250-ft.  roll  (2) 

B.  Handling  and  loading: 

1.  Select  suitable  area  of  hard-surfaced  dirt-fill,  black,  top  or 
concrete,  approximately  50  ft.  x  75  ft. 

2.  Remove  hold-downs  from  fin-stabilized  warhead  shipping  crate. 

3.  Disconnect  the  four  explosive  bolts,  87-2000034,  at  station 
120,  and  separate  nose  and  tail  to  provide  approximately  2  feet  of  working 
clearance . 

4-.  Install  primaoord  in  nose  section,  87-OOOOOI,  in  rubber 
retaining  strips  (fig.  5 6) . 

5.  Attach  trunnion  fittings,  87-2000041-1  at  trunnion  station 
76.59^  on  nose  section  assembly,  87-2000001. 

6.  Remove  top  half  of  cluster  shipping  container  (fig.  57)° 

7 .  Screw  in  cluster  clamp  stops  in  cluster . 

8.  Check  latches  in  locked  position. 

9.  Place  cluster  handling  clamp,  D21-852,  around  cluster  at  c.g. 
clamp  and  lock  (fig.  58). 

10.  Place  X-frame  on  warhead  loading  stand,  D21-798. 

11.  Secure  sling  plates  to  clamp  trunnions  by  means  of  "Pip"  pins 

12.  Raise  cluster  from  crate  and  rotate  to  vertical  position 
(fig.  59). 

13.  Lower  cluster  onto  warhead  loading  stand,  D21-798,  and 
remove  cluster  handling  clamp,  D21-852  (fig.  60). 

14.  Secure  sling  plates  to  nose  trunnions  by  means  of  "Pip"  pins. 

15.  Raise  nose  section  assembly  high  enough  to  clear  vertical 
height  of  cluster  (fig.  6l). 

16.  Secure  tie-downs  to  ^rward  clevises  on  cluster  (4  places) 
(fig.  6l). 

17.  Lower  nose  section  assembly  carefully  over  cluster  (fig.  62). 
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FIGURE  5b 

.PTERIOR  VIEW  OF  ROSE  SECTION  SHOWING  TlAo4  FUZE  BRACKET  INSTALLATION 
AMD  TELEMETERING  ANTENNA  IWGT'AT.T.ATTrw  ~ 
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FIGURE  57 

E125  CLUSTER  WITH  SHIPPING  CRATE  STRIPPED  AWAY 


FIGURE  58 

VIEW  OF  E125  CLUSTER  WITH  CLUSTER  HANDLING  CLAMP  IN  PLAGE 
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VIEW  OF  E125  CLUSTER  RAISED  AND  ROTATED  TO  EI25  CLUSTER  LOWERED  IN  PLACE  ON  WARHEAD  LOAD- 

VERTICAL  INC-  STAND 


UNCLASSIFIED 


18.  Secure  tie-downs  to  rear  clevises  on  cluster  (4  places). 

19.  Attach  special  bolts,  87-2000018,  using  torque  wrench  to 

280  in. -lb. 

20.  Attach  cable  assembly  at  station  118  by  picking  up  existing 
AN520  screws.  Raide  and  rotate  nose  to  horizontal  (fig.  63). 

21.  Lover  nose  section  assembly  back  into  shipping  crate, 
leaving  sling  assembly  in  place  (fig.  64). 

22.  Insert  arMhg  wire  in  Safety  "isWitch  afid  attach  red  streamer. 

23.  Insert  safety  wire  in  delay  E.B.C.  safety  switch, 

24.  Remove  center  section  door  and  mount  timer  assembly, 

B423-2-510,  to  frame  inside  door. 

25.  Add  safety  wire  to  timer  through  missile  crown  in  place  of 
short  wire  and  attach  red  streamer. 

26.  Mount  battery  racks,  D21-765,  with  batteries,  18-10P,  to 
aft  side  of  center  section  bulkhead. 

27.  Check  continuity  of  circuit. 

28.  Splice  delay  electric  blasting  caps  to  primaco.rd  at  two 
places,  and  check  continuity. 

29.  Connect  delay  E.B.Di-s \.to' terMnal  strip  in  nose. 

30.  Disengage  latches  on  cluster  and  lock  open. 

31.  Connect  cannon  plugs  on  forward  side  of  bulkhead  (2  places). 

32.  Mate  center  section  to  nose  section  and  attach  by  means  of 
explosive  bolts.  Check  bolts  for  special  washers  and  under  head  (figs.  65-66). 

33*  Insert  arming  wires  in  timer  assemblies. 

34.  Plug  in  power  leads  to  batteries. 

35*  Check  for  stray  currents. 

36.  Set  two  timers  and  lock. 

37 •  Pull  firing-pin  safety  detents  from  timers . 

38.  Secure  center  section  door. 
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FIGURE  65 

CENTER  SECTION  SHOWING  INTERIM  FUZE  AND  TELEMETERING  ELECTRICAL  INSTALLATIONS 

READY  FOR  ATTACHMENT  TO  E6  WARHEAD 


FIGURE  66 

METHOD  FOR  POSITIONING  TAIL  ASSEMBLY  FOR  ATTACHMENT  TO  E 6  WARHEAD 
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39 »  Install  electric  blasting  caps,  E8l,  in  explosive  boltB  and 
make  connections  to  terminal  strips  (fig.  67) . 

40.  Install  cover  plates  over  explosive -bolt  fittings.. 

41.  Install  hoist  lug,  87-2000033  on  crown  at  station  120  and 
attach  cable  assembly,  87 -2000041 -29 . 

42.  Raise  complete  warhead  assembly  and  shift  to  modified  bomb 
dolly  (fig.  68). 


43.  Tow  bomb  dolly  to  "Material 1ft"  loading  pit. 

44.  Raise  warhead  from  trailer  and  shift .to  adapter  cradle  on 
hydraulic  lift. 


45.  Secure  warhead  assembly  in  place  by  means  of  tie-downs 
between  warhead  trunnions  and  adapter  cradle. 

46.  Raise  warhead  into  bomb  bay  and  secure  by  means  of  43,000-lb. 
bomb  racks  (figs.  69  to  7l)« 

47.  Attach  safety-switch  arming  wire  and  timer  arming  wire  to 

bomb  rack. 

48.  Pull  safety-switch  safety  wire  with  red  streamers  attached 

(2  places;  center  section  safety  switch,  nose  section  delay  electric  blasting 
cap  safety  switch). 
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FIGURE  67 


BATHTUB  FITTING  SHOWING  EXPLOSIVE  BOLT  AMD  TERMINAL -STRIP  INSTALLATION; 
INTERIM-FUZE  ARMING  WIRES,  MASTER-SWITCH  ARMING  WIRES,  AMD  T1404  FUZE  ARMING 

WIRES  ARE  ALSO  SHOWN 


FIGURE  68 


ASSEMBLED  FIN-STABILIZED  WARHEAD  ON  DOLLY 
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FIN-  STABILIZED  WARHEAD  IN  PLACE  UNDER  B-36  FIN-STABLIZED  WARHEAD  IN  POSITION  IN  B-36 

BOMB  BAY  READY  FOR  HOISTING  INTO  POSITION  BOMB  BAY  SHOWING  BOMB  SLINGS  IN  PLACE  UNDER 

CENTER  SECTION 
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SHOWING  BOMB  SLINGS  IN  PLACE 
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APPENDIX  F 
BOMBS  PATTERNS 

Pig,.  72,  Fin-Stabilized  Warhead  87A-I 

Fig.  73,  Fin-Stabilized  Warhead  87A-4 

Fig.  Jk,  Fin-Stabilized  Warhead  87A-5 

Fig.  75,  Fin-Stabilized  Warhead  87A-7 

Bomb  Symbol  Legend 

All  compqnents  functioned  satisfactorily  ....... 

Ballistics  satisfactory;  fuze  did  not  arm  ....... 

Flat  lander;  fuze  armed  . . . . . 

Delay  did  not  function . .  . . 

Parachute  missing  or  other  structural  damage.  .  .  .  .  . 
Ballistics  satisfactory;  fuze  armed;  did  not  function  . 

90  bombs  and  cluster  adapter.  .  ........ 

83  bombs  In  cluster  ...  .  ......... 
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FIGURE  72 

FIff-STABILTZET)  X7a-i 


FTH-S'TABrr.TZFm  warhead  87A-4 


JIN-STABILIZED  WARHEAD  87A-5 
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TEST  DATE  29  JULY  1954 
SCALE  !"=  50' 
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APFENI'IX  G 

FIN-STABILIZED  WARHEAD  BALLISTIC  DATA 

Fig.  7 6,  B6l  Cluster  Warhead  Released  from  35,000  ft.  and  350  m.p.h., 
Altitude  vs .  Range 

Fig-  77,  B6l  Cluster  Warhead  Released  from  35,000  ft.  and  350  m.p.h., 
Altitude  vs.  Time 

Fig.  78,  B6l  Cluster  Warhead  Released  from  35,000  ft.  and  350  m.p.h.. 
Velocity  vs.  Time 


UNCLASSIFIED 

133 


UNCLASSIFIED 


UNCLASSIFIED 


FIGURE  77 
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APPENDIX  H 

WARHEAD  OPENING  POINT  CORRECTED  FOR  BALLISTIC  WIND 


Fig.  79  gives  a  method  for  determining  the  point  at  which 
the  fin-stabilized  warhead  should  be  opened,  taking  into  account  the  effect 
of  ballistic  wind.  Knowing  the  ballistic  wind  and  the  desired  warhead 
opening  altitude,  the  amount  of  drift  can  be  determined.  Combined  with  the 
direction  of  the  ballistic  wind,  the  offset  point  with  respect  to  the  target 
can  be  established. 

Example 

Given: 

Ballistic  wind  velocity  -  44  m.p.h. 

Ballistic  wind  direction  -  135° 

Opening  altitude  -  8,500  ft. 

From  the  graph,  the  intersection  of  the  opening-altitude  line 
with  the  ballistic -wind  line  is  projected  horizontally  to  the  abcissa  to  give 
a  drift  reading  of  3,640  ft.  This  distance  is  measured  from  the  target  on  a 
line  bearing  135°  clockwise  from  the  line  of  flight  and  establishes  the 
warhead  opening  point. 

The  graph  is  applicable  only  to  the  fin-stabilized  warhead  and 
would  have  to  be  redetermined  for  the  missile  or  other  test  vehicle. 

Data  used  in  plotting  the  graph  were  obtained  from  ballistic 
tables  prepared  by  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground. 
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APPENDIX  I 

LIST  OF  DRAWINGS  COVERING  B-61A  CHEMICAL  WARHEADS  AND  RELATED  EQUIPMENT 


Glenn  L.  Martin  Company  Prayings: 

87-2000000  Warhead  Assembly,  Complete,  Pin-Stabilized  Warhead 
87-2000001  Nose  Section  Assembly,  Complete,  Fin-Stabilized  Warhead 
87-2000002  Shts.  1-3,  Frame  Assembly,  Nose  Sta.  40.125  to  118.375 
87-2000003  Shts.  1  -  5>  Center  Section,  Fin-Stabilized  Warhead 

87-2000004  Shts.  1  -  4,  Aft  Section  Assembly,  Fin-Stabilized  Warhead 

87-2000005  X-Frame  Assembly,  Nose  Bomb  Support 

87-2000006  Cap  Assembly,  Nose,  Fin-Stabilized  Warhead 

87-2000007  Bulkhead,  Center  Section,  Bta*  ;1I9.9°6,  Fin-Stabilized  Warhead 

87-2000008  Frame  -  Sta.  128,  Center  Section,  Fin-Stabilized  Warhead 

87-2000009  Frames  -  Sta.  40.125,  41.875,  and  118.375,  Fin-Stabilized 
Warhead  -  Nose  Sect. 

87-2000010  Frame  -  Sta.  58«750>  Fin-Stabilized  Warhead 

87-2000011  Frames  -  Sta.  93  and  106.250,  Fin-Stabilized  Warhead  -  Nose 
Section 

87-2000012  Frames  -  Sta.  74.969  and  78.219,  Fin-Stabilized  Warhead 

87-2000013  Channel,  Nose,  X-Frame 

87-2000014  Web,  Nose,  X-Frame 

87-2000015  Fitting,  Nose,  X-Frame 

87-2000016  Longeron,  Upper  and  Lower,  Nose 

87-2000017  Fitting,  Nose  Trunnion,  Sta.  76.594 

87-2000018  Bolt,  Special,  Fin-Stabilized  Warhead 

87-2000019  Frame  -  Sta.  176,  Center  Section,  Fin-Stabilized  Warhead 
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87-2000020 
87-2000021 
87-2000022 
8^000023 
87-2000025 
87-200002 6 
87-2000027 
87-2000028 
87-2000029 
87-2000030 
87-2000031. 
87-2000032 
87-2000033 
87-2000034 

87-2000035 

87-2000036 

87-2000037 

87-2000039 

87-2000040 

87-2000041 


Splice  Pitting,  Nose,  Sta.  .118*375 

Stringer,  Nose,  Sta.  78 » 219  to  Sta.  118*375 

Clip,  Longeron,  Nose,  Sta*  78*219 

Web,  Sta*  74»968  to  Sta*  78.218,  Nose 

Hoist  Fitting,  Bulkhead  119*906,  Centex*  Section 

L  ..E*  Fin  Tip  Former,  Fin-Stabilized  Warhead 

L.E.  Fin  Tip  Former,  Fin -Stabilized  Warhead 

Drag  Pin,  Center  Section,  Fin-Stabilized  Warhead 

Fitting  Assembly,  Sta*  120,  Fin-Stabilized  Warhead,  Lower 

Fitting  Assembly,  Sta.  120,  Fin-Stabilized  Warhead,  Upper 

Fittings,  Tension  Bolt,  Sta.  128 

Fitting  Assembly,  Shear  Pin,  Sta.  120,  Welded,  Center  Sect* 

Hoist  Lug,  Bulkhead  .119 » 90 6,  Complete  Nose 

Detail,  Explosive  Bolt,  Sta.  Il8. 375 

Details,  Explosive,  Fin-Stabilized  Warhead 

Details,  Nose  Section,  Flo, -Stabilized  Warhead 

Paint  Scheme,  Fin-Stabilized.  Warhead 

Intercostal.,  Sta.  58-3/4  -  74-31/32,  Fin-Stabilized  Warhead 
Intercostal,  Sta,  78-7/32  -  93,  Fin-Stabilized.  Warhead 
Shts.  1  and  2,  Sling  Assembly,  Fin-Stabilized  Warhead 


Chemical  Warfare  Laboratories  Drawings: 

D314-23-3235  Plastic  cluster  Adapter  and  Lock  Mechanism 
D31.4-23-3236  Adapter,  Details 
0314-23-3237  Cluster  Adapter  Mold 
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D314-23-3238 

0314-23-3239 

D3l4-23-324o 

D3l4-23-324l 

D3l4-23-32lt-2 

D3l4-P3-30j>3 
D314-23-3356 
A42 3-1-2 31(c) 

ABl4-23-3350(C) 
E314-23-3347(c) 
E423-l-233(C) 
D314- 34-101 
D314- 34-102 
D42 3-4-101 
B423-1-232 


Pre -Molded  Insert  Mold 

Inner  Liner  &  Spacer  Arrangment ,  Bomb  Arrangement  3 
Sht.  1  &  2,  Cluster  Adapter  Lay-Up 
Cluster  Adapter  Mo3.d  Inserts,  .Details  &  Assembly 
Mechanism,  Locking,  Details 

Adapter,  3,000-lb .  Cluster,  E54,  Drawing  List  &  Specs. 

Filler  &  Spacers,  Details  (for  E12*5  Cluster) 

Warheads,  E 6,  E7,  EB,  List  of  Dwgs.  &  Specs. 

Cluster,  Non-Pers.  Gas  Bomb,  3,000-lb.,  £125,  Dwg.  List  &  Specs. 

Cluster,  Non-Pers.  Gas  Bomb,  3,000-lb.,  E125,  Assembly 

Warheads,  E 6,  E7,  E8,  Assemblies 

Clamp,  Cluster  Handling,  Assembly  and  Detail 

Clamp,  Cluster  Handling,  Assembly  and  Detail 

Warhead  Loading  Stand,  Assembly  and  Details 

Fixtures,  Cluster  Tie-Down,  Assembly  and  Details 


List  of  Material 

23  Ea.  -  Fin-Btabillzed  Warheads,  87A-2000000 
3  Ea.  -  B-6.1A  Chemical  Warhead  Nose  Casings,  87A-2000001 
31  Ea.  -  Adapter,  3,000-lb.,  Cluster,  E54,  D314-23-3235 
2  Ea.' -  Cluster  Handling  Clamp,  D3l4- 34-101 
£  Ea.  -  Sling  Assembly,  87A-2000041 
$  Ea.  -  Clustering  Stand 
2  Ea.  -  Warhead  Loading  Stand,  D423-4-101 
2  Ea.  •-  Shipping  Container  Components,  Unassembled 
1  Ea,  -  Warhead  Static  Test  Stand 
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Copies  made  %  lU6 


1 

2-10 

11 

12  -  13 
lh  -  15 

16 

17 

18  -  23 
2k  -  28 

29 

30  -  31 

32  -  3h 
35  -  36 

37 


-38 

39 

Uo 

-  Ul 

U2 

U3 

hh 

-  U5 

U6 

hi 

-  h9 

50 

51 

52 

53 

5h 

-  55 

56 

-  57 

CWL  Library ,  CW  Laboratories  (Record  Copy) 

CWL  Library,  CW  Laboratories 
Director  of  Development,  Thru;  CWL  Library 
Chief,  Munitions  Development  Division,  Thrut  CWL  Library 
Air  Force  Ammunition  Services  Office,  Symbol;  00R,  Hill  Air  Force 
Base,  Utah 

Army  Environmental  Health  Laboratory,  Bldg0  1235.?  Army  Chemical 
Center,  Md, 

Assistant  CCmlO  for  Planning  &  Doctrine  Office,  Chief  Chemical  Officer 
Dept*  of  the  Army,  Washington  25®  D*  C* 

British  Liaison  Officer,  Bldg*  330,  Army  Chemical  Center,  Md* 

Canadian  Army  Technical  Representative,  Bldg„  330,  Army  Chemical  Cente 
Md* 

CmlC  Advisory  Council,  Room  112,  Bldg*  330,  Army  Chemical  Center,  Md. 
Chief,  Bureau  of  Ships,  Code  312,  Room  1528  (Technical  Library)  Main 
Navy  Bldg*,  Washington  25,  D*  C. 

Chief  Chemical  Officer,  Depte  of  the  Army,  Washington  25,  D.  C» 

Chief  of  Ordnance,  Dept,  of  the  Army,  Ordnance  Research  &  Development, 
The  Pentagon,  Washington  25,  D.  C«,  Attn:  ORDTA 
Chief,  Office  of  Pathology  and  Allied  Sciencies  Consultant,  Office 
of  the  Surgeon  General,  Dept.  of  the  Army,  Washington  25,  D.  C. 

Chief,  Preventive  Medicine  Division,  Office  of  the  Surgeon  General, 
Dept*  of  the  Army,  Washington  25,  D.  C. 

Chief,  Research  and  Development  Division,  Office  of  the  Surgeon 
General,  Dept,  of  the  Army,  Washington  25,  D.  C» 

Chief,  Technical  Operations,  Dugway  Proving  Ground,  Dugway,  Utah, 

Attn;  Chief,  Technical  Library 

Commandant,  Command  &  General  Staff  College,  Ft.  Leavenworth,  Kansas, 
Attns  Archives 

Commandant,  Marine  Corps  Schools,  Quantico,  Va. 

Commandant,  School  of  Aviation  Medicine,  USAF,  Randolph  Air  Force 
Base,  Texas,  Attn?  Research  Secretary 

Commandant,  The  Armored  School,  Ft.  Knox,  Ky*,  Attns  AICBB-G 
Commandants  The  Artillery  &  Guided  Missile  School,  Ft.  Sill,  Oklahoma, 
Attns  DAG 

Commandant,  The  Army  Aviation  School,  Ft,  Rucker,  Ala*,  Attns 
Librarian 

Commandant,  The  Infantry  School,  Ft*  Banning,  0a„,  Attn;  Chemical 
Instructor 

Commandant,  U*  S*  Marine  Corps  (A03H)  Washington  25,  D*  C* 

Commander,  3Ul5th  Technical  Training  Wing,  Lowry  Air  Force  Base, 
Colorado 

Commander,  Air  Force  Cambridge  Research  Center,  L.  u.  Hanscom  Field 
Bedford,  Mass*,  Attn?  CR00TI-2 

Commander,  Air  Force  Special  Weapons  Center,  Kirtland  Air  Force  Base, 
New  Mexico,  Attns  SWOI 
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59-60 
6l  -  65 
66-68 
69 

70  -  72 

73 

7l* 

75  -  76 
77 

78  -  80 
81 

82 

83 

81* 

85 

86  -  89 
90 

91  -  93 
91*  -  96 

97  -  98 
99 

100 


Coramanders  Air  Proving  Ground  Commands  Eglin  Air  Force  Base,  Fla,, 

Attns  Adj/Technical  Reports  Branch 

Commander,  Air  Research  and  Development  Commands  Po  0.  Box  1395, 
Baltimore  3,  Md,,  Attn?  RDTDAB 

Commander,  Armed  Services  Technical  Information  Agency,  Document 
Service  Center,  Knott  Bldg,,  Dayton  2,  Ohio,  Attn?  TIGSCP 

Commander,  BW  Laboratories,  Ft,  Detrick,  Frederick,  Md»,  Attn s 
Documents  Section,  E  &  D  Branch,  RT&Q  Division 

Commander,  BW  Laboratories,  Ft.  Detrick,  Frederick,  Md. ,  Attn: 

Program  Coordination  Office 

Commander,  Headquarters,  Quartermaster  Research  &  Development  Command, 
Quartermaster  Research  &  Development  Center,  Natick,  Mass,,  Attn; 
Technical  Library 

Commander,  Picatinny  Arsenal,  Dover,  New  Jersey,  Attns  Technical 
Information  Section 

Commander,  U„  S,  Naval  Ordnance  Test  Station,  (Code  753)  China  Lake, 
California 

Commander,  Warner  Robins  Air  Materiel  Area,  Robins  Air  Force  Base, 

Ga.,  Attns  Assistant  for  Programming 

Commander,  Wright  Air  Development  Center,  Wright-Patterson  Air  Force 
Base,  Ohio,  Attns  WCRDF-6 

Commanding  General,  Aberdeen  Proving  Ground,  Md,,  Attns  Technical 
Library  Branch,  Bldg,  313  « 

Commanding  General,  Army  Chemical  Center  &  Chemical  Corps  Materiel 
Command,  Army  Chemical  Center,  Md,,  Attns  Production  Branch, 

Industrial  Division 

Commanding  General,  CmlC  Research  and  Development  Command,  Dept,  of 
the  Amy,  Washington  25,  D,  C, 

Commanding  General,  Engineer  Research  &  Development  Laboratories, 

Ft.  Belvoir,  Va„,  Attns  Chief,  Agents  and  Techniques  Section,  Fire 
Fighting  Branch 

Conmanding  General,  Engineer  Research  &  Development  Laboratories, 

The  Engineer  Center,  Ft,  Belvoir,  Va.,  Attns  Technical  Document 
Center 

Commanding  General,  Headquarters,  Ordnance,  Ammunition  Command,  U,  S. 
Army,  Joliet,  Illinois,  Attns  ORDLY-S 

Commanding  General,  Redstone  Arsenal,  Huntsville,  Ala.,  Attns  Technical 
Library 

Commanding  General,  U,  S„  Army  Combat  Development  Experimental  Center, 
Ft.  Ord,  California 

Commanding  Officer,  CralC' Engineering  Command,  Array  Chemical  Center,  Md, 

Commanding  Officer,  CmlC  Intelligence  Agency,  Room  G716,  f-7,  Gravelly 
Point,  Washington  25,  D,  C, 

Coimranding  Officer,  CmlC  Training  Coiranand,  Ft,  McClellan,  Ala. 

Commanding  Officer,  Transportation  Research  and  Development  Command, 

Ft.  Eustis,  Va.,  Attns  Special  Projects  and  Analysis  Division 

Commanding  Officer,  U,  S,  Naval  Air  Rockot  Test  Station,  Lake  Denmark, 
Dover,  New  Jersey,  Attns  Technical  Library 
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101  Commanding  Officer,,  U.  So  Naval  Medical  Research  Unit  No.  1,  Bldg. 

T-19,  University  of  California ,  Berkeley  Calif. 

102  Commanding  Officer.,  Ordnance  Materials  Research  Office,  Watertown 

Arsenal,  Watertown  72,  Mass. 

103  CONARC  Liaison  Officer,  Bldg.  330,  Army  Chemical  Center,,  Md. 

10U  Deputy  Chief  of  Staff  for  Military  Operations  ,  Dept,  of  the  Army,, 
Washington  23,,  D.  C.,  Attn?  Requirements  Planning  Division 

105  Director ,  Air  University  Library,  Maxwell  Air  Force  Base,  Ala., 

Attn  s  AUI.-Jj.67li 

106  Director,  CmlC  Operations  Research  Group,  Bldg.  U83,  Amy  Chemical 

Center,  Md. 

107  Director,,  Marine  Corps  Development  Center,  Marine  Corps  Schools, 

Quantico,  Va„  . 

108  Director,  USAF  Project  RAND,  The  RAND  Corporation,  1700  Main  St., 

Santa  Monica,  Calif.,  Attn?  Librarian,  Thru?  Comdr,  Norton  AFB, 
Calif.,,  Attn?  SBAMA‘ Liaison  Office 

109  Director,  Walter  Reed  Army  Institute  of  Research,  Walter  Reed  Army 

Medicaj  Center,  Washington  12,  D.  C. 

110  Director,  Weapons  Systems  Evaluation  Group,  The  Pentagon,  Washington 

25*  D.  C  , 

111  Engineer  lb  vision  Military  Construction,  Office,  Chief  of  Engineers „ 

Washington  25,  D.  C0,  Attns  Protective  Construction  Branch  (ENQEB) 

112  Executive  Secretary,  Coordinating  Committee  on  Biological-Chemical 

Warfare,  Office  of  Assistant  Secretary  of  Defense,  Research  and 
Development,  Room  3D  1050,  The  Pentagon,  Washington  25*  D.  C., 

Attn?  Chief,  Library  Branch 

11?  Executive  Secretary,  Military  Liaison  Committee,  1901  Constitution 
Ave.,  Washington  2.5,  D.  C. 

llli  Headquarters  -  Air  Force  Armament  Center  ,  Air  Research  and  Development 
Conmand,  Eglin  Air  Force  Base,  Fla.,  Attns  ACXC 

115  Headquarters ,  Air  Materiel  Command,  Wright-Patterson  Air  Force  Base, 

Ohio,  Attns  MCTSM,  AF  Ammunition  Safety  and  Surveillance  Branch 

116  Headquarters.  CONARC,  Ft.  Monroe,  Va.,  Attns  ATCML 

117  Headq\iarters ,  CONARC,  Ft.  Monroe,  Va.,  Attns  ATDEV-1 

118  Headquarters,  CONARC,  Ft.  Monroe,  Va.,  Attns  ATDEV-3 

120  Headquarters,  Strategic  Air  Command,  Qffutt  Air  Force  Base,  Nebraska. 

Attns  IGABD 

121  Headquarters  Tactical  Air  Command.  Langley  Air  Force  Base,  Va., 

Attns  T34AR 

122  Headquarters,  USAF,  Combat  Components  Division,  D/R&D,  DCS/D, 

Washington  25,  D.  C. 

123  Los  Alamos  Scientific  Laboratory,  P.  0.  Box  1663.,  Los  Alamos,  New 

Mexico,  Attns  Report  Librarian 

12li  Office  Chief  of  Ordnance,  Dept,  of  the  Army,  Washington  25,  D.  C„, 
Attns  ORDTB-Ballistic  Section 

125  Office  Chief  of  Ordnance,  Dept,  of  the  Army.  Washington  25.  J„, 

Attns  !  ORDTU 
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Office,  Chief  of  Ordnance;  Dept,  of  the  Army,  Washington  21  ,  D.  G», 
Attn:  ORDTX-AR 

Office,  Chief  of  Ordnance,  Dept,  of  the  Army,  Washington  D,  C», 
Attn;  Safety  Branch,  ISAS  Office,  Pentagon  Annex  2,  Roor  30i* 

Office,  Chief  of  Transportation ,  Office  of  Planning  and  Ir.  :  jllVenc. 
Strategic  Plans  Branch,  .Room  2811  -  Bldg,  T-7,  Gravelly  F'liXit,  va. 
Office,  Chief,  Research  &  Development,  Dept,  of  the  Army,  Director 
of  Development,  Washington  25,  D.  C.,  Attn:  Col.  Harvey  ; n^ppard, 
Combat  Materiel  Branch 

Operations  Research  Office,  Ihe  Johns  Hopkins  University,  ,100 
Connecticut  Avenue,  Chevy  Chase,  Md.,  Attn:  Library 
President,  CmlC  Board,  Arn*y  Chemical  Center,  Md, 

President,  US  Army  Air  Defense  Board,  710hth  SU,  CONARC,  ii,  Bliss, 
Texas 

President,  US  Army  Armor  Board,  CONARC,  Ft,  Knox,  Ky. 

President,  US  Army  Artillery  Board,  CONARC,  Ft.  Sill,  Okl  :>>m 
Safety  Director,  White  Sands  Proving  Ground,  New  Mexico 
Sandia  Corporation,  Snndia  Base,  Albuquerque,  New  Mexico,  .*  tint 
Classified  Doovunenfc  Division 

Secretary,  CmlC  Technical  Committee,  Room  211,  Bldg,  1,  A  y  Chemical 
Center,  Md, 

Surgeon,  Headquarters  Tactical  Air  Uomand,  Langley  Air  Fi  ice  Base, 

Va. 

The  Director,  Armed  Forces  Institute  of  Pathology,  Walter  «'emd  Army 
Medical  Center,  682.5  16th  St,,  N.  W, ,  Washington  25,  D,  f  , 

USAEC  Technical  Information  Servioe,  P.  0.  Box  62,  Oak  Ri<  ;h.  Term., 
Attns  Document  Processing  Branch 

U.  6.  Naval  Radiological  Defonse  Laboratory,  San  Francises  ?*,  Calif., 
Attns  Library  Branoh,  Code  3-222A 
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